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F LUCTUATION5 IN ABUNDANCE AND DISTRIBUTION OF COMMON 
CLEAR LAKE FISHES A5 SUGGESTED BY GILLNET CATCH1
Ross V. Bulkley 
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Iowa State University 
Ames, Iowa 50010 
ABSTRACT. The catch rate of experimental nylon gill -
nets was used to estimate relative abundance of seven 
Clear Lake fishes from 1953 to 1968. Although large 
sampling variation was present in the gillnet catches, 
differences in mean annual catch rate were statisti-
cally significant for all species. Trends covering 
several years in the estimates of relative abundance 
and general agreement with earlier data indicate that 
the gillnet catch reflected changes in population abun-
dance. 
INTRODUCTION 
The fish population of Clear Lake, Iowa has been sampled with ex-
perimental gillnets annually since 1947 as part of a continuing study by 
the Iowa Cooperative Fisheries Research Unit. Clear Lake is a shallow, 
eutrophic lake, with a surface area of 1, 474 hectares, located in Cerro 
Gordo County in north-central Iowa. Bailey and Harrison (1945) men-
tioned 23 species of fish that have been collected from Clear Lake. This 
paper summarizes data on relative abundance of seven important species 
from 1953 to 1968, as reflected by nylon gillnet catches. 
METHODS 
Gillnet sampling from 1947 to 1952 was concentrated in the northern 
area of Clear Lake around the State Fish Hatchery (Carlander 1953). 
Since 1953, attempts have been made to sample at locations representing 
all habitat types in the lake, with random selection of the time during the 
summer when each station was sampled (Fig. 1). After selection of a 
given site, it was not sampled again until collections had been made at 
all other sites. Each station was sampled once in most years although 
on 13 occasions, individual stations were sampled in June and again in 
August. Since 1964, nine stations have been sampled once each year. 
i Journal Paper No. 6282 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project 1374; Iowa Cooperative Fish-
ery Unit, sponsored by the Iowa State Conservation Commission, Iowa 
State University of Science and Technology, and the Bureau of Sport Fish-
eries and Wildlife, U. S. Fish and Wildlife Service, cooperating. 













Figure 1. Map of Clear Lake showing gillnet sampling stations. 
Gear used in the study were 125-foot experimental nylon nets, 6 feet 
in depth, with stretched mesh sizes of 1. 5, 2. 0, 2. 5, 3. 0 and 4.0 inches. 
Although both nylon and linen nets were fished from 1953 to 1956, this 
report includes data collected from nylon nets only to eliminate the addi-
tional variable associated with differential net efficiency. From 1953 to 
1966, nets were fished 24 hours once weekly during the summer, usually 
from June through August. Generally, two nets in tandem were fished 
from 6:00 p. m. to 6:00 a. m. , and four nets (2 pair) were fished from 
6:00 a. m. to 6:00 p. m. Nets were checked every 2 hour, and captured 
fish were removed and measured. The 24-hour catch per gillnet was 
calculated for each sample by weighting equally the mean night and day 
catches (Ridenhour et al. 1956). During 1967 and 1968, nets were fished 
2 hours and then removed 2 hours fora 24-hour period, but were other-
wise handled as described. Unless otherwise specified, catch rates in 
this paper are the geometric mean catch of one 125-foot experimental 
net fished for 24 hours. 
Catch of each species within the samples was not normally distributed; 
thus, a transformation of the data was necessary for comparing catches 
among years and among sampling stations. Because the standard devia-
tion was proportional to the mean catch and numerous zero catches for 
certain species were evident, the transformation was made by taking the 
loglo of the 24-hour catch plus 10. 
Relative availability of each species at a station was computed by 
weighting the mean annual catches so that aTl years were equal (Rounse-
fell and Everhart 1953). The stations were then ranked according to the 
average catch at each station in relation to the most productive station. 
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RESULTS 
Mean annual catch rate 
Mean annual catch rates, based on combined samples from all stations 
from 1953 to 1968, were determined for the yellow bass (Morone missis-
sippiensis), white bass (Morone chrysops), walleye (Stizostedion v. vit-
reum), black bullhead (Ictalurus melas), northern pike (Esox lucius),
crappies (Pomoxis spp.) and yellow perch (Perca flavescens). Other 
species were common in the lake but were not caught regularly in suffi-
cient numbers to include in the analysis. 
Since the catch rate fluctuated within wide limits for most species, 
the data were first analyzed to determine the amount of variation that 
could be attributed to sampling vagaries. Range in gillnet catches within 
yearly samples and among years was largest for species most abundant 
in the catch. Catch of yellow bass was most variable (Fig. 2), followed 
by black bullhead. In 1962, the catch of yellow bass in 24-hour sets 
ranged from 23 to 280 fish. Large within-year variation and limited 
sample size reduced sensitivity of tests for differences in catch rate 
among years. For example, the hypothesis that mean annual catch rate 
of yellow bass was unchanged from 1954 to 1965 could not be rejected at 
the 0.05 level of probability, although the geometric mean catch during 
the period varied from 42. 6 fish per hour in 1956 to 90.8 fish in 1962. 
Sample size ranged from 5 sets in 1953, 1954 and 1955 to 12 in 1960 and 
1964. 
Schooling behavior of certain species probably accounted for some of 
the within-year variation. If any fish were captured, there were usually 
many because a school encountered the net rather than lone individuals. 
The within-year variation was also influenced by weather conditions and 
possibly by seasonal availability at different sampling stations. With the 
exception of 1967 and 1968, the catch in each year at a station was made 
in a different week so that any variation in seasonal availability at the 
station biased the sample in that year. Data available to test the hypo-
thesis that availability changed during the season were limited to those 
years in which certain stations were sampled in June and then again 
during August. Chi-square tests of 13 comparisons indicated significant 
differences (p = 0.05; d, f. = 1 3) between early- and late- summer catches 
of yellow bass, bullhead and crappies. Catch of yellow perch, walleye, 
northern pike and white bass were not significantly different in June and 
August. 
Even with the large within- season variation, differences among annual 
catch rates from 1953 to 1966 were significant for all species (p= 0.05; 
d. f. = 13, 19) . In view of the rigorous logarithmic transformation of the 
catch data for analysis, the differences in annual catch were undoubtedly 
reflecting actual changes in population density. 
Relative abundance 
Use of gillnet catches to estimate species or size composition of a 
fish population is hazardous because of the selective action of the net. 
The catch is influenced by such factors as body size and shape, presence 
or absence of body spines or projections, fish behavior, and even the 
hanging coefficient of the gillnet (Riedel, 19 63) . If comparisons of catch 
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Figure 2. Nylon gillnet catches of yellow bass at Clear Lake per 24 
hours of effort, 1953 to 1958. Range of variation is illus-
trated by the heavy horizontal line; the arithmetic mean (x) 
by the vertical line. The solid bar on each side of the mean 
represents two standard errors (s-). Length of the clear 
bar from the mean outward indicates one standard deviation 
(s) each). 
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are made for a single species, with nets of identical mesh size and net-
ting material, fished in the same manner and time each year, many of 
the biases inherent in netting are constant, and resulting catches provide 
reliable indices of relative population abundance (Fig. 3). Most of these 
restrictions were met in this study. Yellow bass increased in the catch 
from a low in 1953 of 12. 4 fish per 24 gillnet hours to a peak level in 
1962 of 90.8 fish before returning to near the 1953 level in 1966 with 
14. 2 fish. The catch increased in 1967 to 53.5 fish but dropped in 1968 
to 1. 1 fish per 24 hours of netting. Much of the variation illustrated 
was probably due to differences in year -class strength and to normal 
sampling variation although occasional mass mortalities of yellow bass 
and other species have been reported for Clear Lake. Buchholz (1960) 
attributed the decrease in abundance of yellow bass in 1955 to a natural 
die-off and high fishing mortality in that year. The abrupt drop in abun-
dance from 1965 to 1966 was attributed to a large mortality (Atchison 
1967) although a downward trend was apparent for several years pre-
viously. The 1968 drop was due to a furunculosis epizootic which deci-
mated the yellow bass population (Bulkley 1969). 
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Figure 3. Relative abundance of seven Clear Lake fishes as indicated 
by catch per 24 gillnet hours, 1953 to 1968. Total hours of 
netting effort and number of net sets given below. 
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White bass have not been abundant in Clear Lake in recent years 
(Carlander 1953; Di Costanzo and Ridenhour 1957). Numerous gillnet 
catches in this study contained no white bass, and in 1954 this species 
was not captured. Total summer catch was two fish or less in 1954, 
1955, 1963, 1964 and 1965. 
A trend toward decreasing abundance of walleye was evident from 
1954 to 1963, with a rather sharp increase from 1964 to 1967. Car-
lander et al. (1960) attributed much of the fluctuation in walleye abun-
dance to the alternate-year stocking policy for the species. Years in 
which fry were stocked produced better year classes than did nonstock-
ing years. 
Abundance of bullhead fluctuated widely during the 14-year period. 
Lowest catch rate was in 1963 when 2. 3 fish were captured in contrast 
to 97. 5 fish in 1954. 
Northern pike were most abundant in the 1953 gillnet catch, which 
coincided with the commencement of stocking of this species from Ven-
tura Marsh (Carlander 1958). Angler harvest of northern pike was 
especially high in 1954. Rapid decrease in relative abundance from 
1953 to 1956 was probably related to the high 1954 angling mortality and 
also to a large natural mortality that occurred in 1954 and 1955 (Riden-
hour 1957). Cause of increases in abundance in 1962 and 1967, followed 
by abrupt decreases the following years was less obvious. 
Black crappie were predominant over white crappie in the catch from 
1953 to 1956. After 1957, the proportion of black crappie was negligible. 
The increase in crappie abundance from 1959 to a peak in 1962 was due 
to an increase in white crappie; the black crappie catch actually de-
creased each year during the 4-year period. 
The yellow perch population was at low levels during much of the 
study period after dropping from the 1953 high of 20. 2 fish per 24-hour 
set. Hervey (1963) found a significant correlation (p= 0.05) between 
relative year -class strength, based on gillnet catches and mean annual 
lake level for the period from 1948 to 1960. He thought that the relation 
was causal on the assumption that low water levels decreased cover and 
allowed heavier predation on the young fish. Whether a causal relation 
actually exists between abundance of certain species and lake water 
levels is not evident, but the hypothesis of predation on immature fish 
merits investigation. 
Comparison with earlier data 
Carlander (1953) derived an index of relative abundance based on 24-
hour linen gillnet catches in the northern area of Clear Lake adjacent to 
the State Fish Hatchery. Because samples were all taken from the same 
area, possible variations in abundance due to differences in sampling 
location were eliminated. Data from 1947 to 1952 in Fig. 4 are relative 
abundances from Carlander (1953) adjusted to catch efficiency of nylon 
netting (Ridenhour and DiCostanzo 1956). Data from 1953 to 1968 are 
the mean catch by nylon nets from sampling sites adjacent to the hatchery 
along the north shore (McIntosh, Garners Beach, Black Rushes and 
Hatchery). Carlander computed a 24-hour gillnet catch by summing the 
mean hourly catches fora 24-hour period. In this study, mean night 
and day catches were summed to obtain the mean 24-hour catch. With 
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Figure 4. Relative abundance of seven Clear Lake fishes as indicated 
by catch per 24 gillnet hours from the northern area of lake, 
1947 to 1968. Data from 1947 to 1952 adjusted from Car-
lander (1953). 
the exception of the minor variation in location of sampling and method 
of computing catch rate, relative abundance before 1953 in Fig. 4 can be 
compared directly with that of ensuing years. The combined data pro-
vide estimates of relative abundance over a 22-year period. Continua-
tion of trends in abundance from 1952 to 1953 (e, g. , yellow perch, bull-
head and yellow bass) strengthens the conclusion that the catch rates 
reflected changes in population abundance. 
Difference in catch among stations 
Because the sampling stations were selected to represent different 
habitat types in the lake (Ridenhour 1960), it was expected that relative 
abundance of some species might vary among sampling sites. Differences 
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in catch rate among eight stations from 1958 to 1966 and differences be-
tween the northern area (McIntosh, Black Rushes and Hatchery) and the 
other stations (East Center, South Bay, Island, West End and Farmer's 
Beach) were tested for significance (Table 1). The F values are only 
approximate due to the interaction mentioned earlier between time of 
sampling and sampling location. Gillnet catches of walleye, bullhead 
and northern pike were distinctly different at different sampling stations. 
Bailey and Harrison (1945) reported that the white bass and other species 
have definite habitat preferences in Clear Lake, but the catch data did 
not illustrate statistically significant differences among the sampling 
stations. 
Habitat preference was further suggested, however, by indices of 
relative availability of each species at the eight sampling stations (Table 
2). A single index of availability for each station was obtained by com-
bining catch data from 1958 to 1966. To the extent that the rankings 
were representative, they provide an index to habitat preference in 
Clear Lake by catchable-sized fish of each species. Walleye were most 
abundant in catches from areas close to dense stands of aquatic vegeta-
tion (e, g. , Black Rushes). Observations in 1968 suggested that the high 
catch of walleye in weedy areas resulted from movement into the area 
from deeper water at dusk, presumably for feeding purposes. Black 
bullhead were most common at the West End, which had good wind pro-
tection and stands of dense submergent plants. Yellow bass were abun-
dant at most stations, but largest catches usually occurred around the 
Island. Northern pike preferred similar habitat to the walleye. White 
bass were captured most frequently around the hatchery and at the oppo-
site of the lake at West End. Yellow perch were most abundant at Far-
mer's Beach. Crappie appeared fairly evenly distributed among all 
stations. For combined species, most fish were captured at Black 
Rushes, and fewest at South Bay. 
DISCUSSION 
Gillnet catcl.es revealed considerable variation in abundance of com-
mon fishes in Clear Lake during the study period. Cause of much of the 
fluctuation remains unknown, but die-off from disease was a factor in-
fluencing yellow bass abundance in certain years. Variation in repro-
duction success was undoubtedly an important factor for most species. 
Unfortunately, minor changes in abundance which undoubtedly occurred 
during the study period could not be detected due to the large within-year 
fluctuations in gillnet catch. 
The netting also revealed a definite habitat preference in the lake, 
particularly by black bullheads, walleye and northern pike. This infor-
mation should facilitate the collection of these species by anglers and 
future researchers. 
4Z1 
Table 1. Comparisons of catch rate among Clear Lake sampling stations and 
between the northern area and other stations, based on 24-hour 
gillnet catch data from 1958 to 1966 
Species 
ATl stations 
(d.f.=7, 63) Significance 
F-value level 
Northern area vs rest 
(d.f.= 1, 63) Significan 
F-value level 
Walleye 3.3 .O1 14.1 .O1 
Black bullhead 3.7 .05 5.6 .05 
Northern pike 1.1 nsl~ 4.1 .05 
White bass 0.8 ns 2.2 ns 
Yellow perch 2.0 ns 1.9 ns 
Yellow bass 0.1 ns 0.5 ns 
Crappie 0.6 ns 0.1 ns 
1/ 
ns = not significant at the .O1 or .05 level of probability. 
Table 2. Relative availability of fish at eight Clear Lake sampling station 
based on 24-hour gillnet catch data from 1958 to 1966 
Species McIntosh 
cutlet 
Black Hatch- and South 






















































Crappies .72 .84 .62 .55 .63 1.00 .57 .90 
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INFLUENCE OF SAMPLE SIZE ON THE ESTIMATION OF GENETIC 
VARIANCE IN A SYNTHETIC VARIETY OF MAIZE. 
II. PLANT AND EAR CHARACTERS1
Fidel Marquez-Sanchez and Arnel R. Hallauer Z
ABSTRACT. We obtained estimates of additive genetic 
variance (~A) and genetic variance due to dominance 
deviations (~~) for five female sample sizes for nine 
plant and ear traits in Iowa Synthetic BB. The standard 
deviations decreased for all traits with increased fe-
male sample size. Regardless of the heritability of a 
trait, we found that a sample of six females per male 
was generally sufficient for the stabilization of the 
estimates of the genetic variances and to obtain the 
necessary precision of the estimates. We measured 
the precision of the estimates by visual appreciation 
of graphs of the standard deviations for the different 
female sample sizes. For most traits, we found some 
additional increase in precision for larger sample 
sizes, but the increase would not be economically jus-
tified. We obtained a few negative estimates of domi-
nance variance for all female sample sizes for some 
traits. 
The frequent occurrence of negative estimates of genetic variance due 
to dominance deviations (6 ~) has concerned investigators using the nest-
ed mating design (Design I)Dfor obtaining genetic information of quantita-
tive characters in maize (Zea mays L.) populations. The influence of 
sample size on the estimation of genetic parameters and their precision 
by using the Design I mating scheme was discussed by Marquez-Sanchez 
and Hallauer (1969) for yield. Although negative estimates of ~Z have 
been obtained for yield, the frequency of negative estimates haveD been 
low as compared with other plant and (or) ear characters. Assortative 
mating of the plants included in the sample has been offered as one ex-
planation for the occurrence of negative estimates of 6 2 (Lindsey, Lonn-
quist and Gardner 1962). The hypothesis was that the variation due to 
females within males was reduced because of assortative mating. 
I Contribution from the Iowa Agriculture and Home Economics Experi-
ment Station, Ames, Iowa, and the Crops Research Division, Agricul-
tural Research Service, U. S. Department of Agriculture, cooperating. 
Journal Paper No. J-6305 of the Iowa Agriculture and Home Economics 
Experiment Station, Project No. 1575. (Part of a thesis submitted by 
the senior author in partial fulfillment of the requirements of the Ph. D. 
degree. ) 
a Formerly a graduate student and Rockefeller Foundation Fellow now at 
Chapingo, Mexico, and Research Geneticist, Agricultural Research 
Service, U. S. Department of Agriculture, Ames, Iowa 
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Lindsey et al. (1962) found 14 of the 24 estimates of ~D negative for 7 
characters; only 2 of the 14 negative estimates of ~D were obtained for 
yield. Although precautions had been taken to minimize assortative mat-
ing, all estimates of ~D for Bilking date were negative. 
Stuber, Moll and Hanson (1966) reported obtaining negative estimates 
of O~ Z for Bilking date and number of tillers in two experiments and for 
plan~and ear height in one experiment. Williams, Penny and Sprague 
(1965) obtained four negative estimates of 0" Z from a total of 15 for five 
characters; the negative estimates were forlear row number in two ex-
periments and for weight of 100 kernels and ear diameter. In addition, 
Williams et al. (1965) reported a negative estimate of additive genetic 
variance (~ Z ) for yield in one experiment. Goodman (1965) found 10 of 
the 20 estimates of 6 Z negative for different plant and ear characters. 
Eberhart et al. (1~6) reported estimates of genetic variances for 
two open-pollinated varieties, Jarvis and Indian Chief. For Jarvis, no 
negative estimates of genetic variances were obtained, whereas in Indian 
Chief, 4 of the 7 estimates of ~D were negative. The negative estimates 
in Indian Chief were obtained for ear height, ear length, ear diameter, 
and days to pollen shed. 
Fourteen of the 22 estimates of ~D obtained for seven characters in 
three experiments were reported negative by Hallauer and Wright (1967). 
In the three experiments, the estimates of UD were always negative 
for plant and ear height. Other characters that exhibited negative esti-
mates of 0-D in one or more experiments were ear length, ear row num-
ber, and yield. Most of the negative estimates of ~D, however, were 
within 1 or 2 standard deviations of zero. 
The primary objective of this study was to determine if limited sam-
ple size was a factor for the frequent occurrence of negative estimates 
of UD for various plant and ear characters. Sixty-four males were 
mated to 10 females. Samples of 2, 4, 6, 8, and the total of 10 females 
per male were obtained, and the estimates of genetic variances and 
their standard deviations were calculated for each sample. The samp-
ling of the females per male was with replacement. 
Materials and Methods 
We used the maize Iowa Synthetic BB (Syn. BB) as our reference popu-
lation. Within a bulk planting of Syn BB, we developed 64 half- sib fami-
lies, each containing 10 full-sib progenies; hence, we had a total of 640 
full-sib progenies for testing. We randomly assorted the 64 half -sib 
families into eight sets. We replicated each set twice and randomly dis-
tributed the eight sets of 80 full- sib progenies to the experimental area 
at three locations, Kanawha, Ames, and Ankeny, Iowa. We used a 17 -
plant plot for each full- sib progeny. The distance between plants was 
25. 4 cm within the single-row plots, which were spaced 101.6 cm apart. 
We overplanted all plots and thinned to single-plant hills. 
We obtained data at all locations for plant and ear height (cm), ear 
row number, ear length (cm), ear and cob diameter (cm), kernel depth 
(cm), and weight of 300 kernels (g). At the Ames location, we also ob-
tained the average Bilking date for each plot or full-sib progeny. We 
computed all analyses on plot averages. 
We computed the analyses of variance for each trait for each set. For 
each experiment, we pooled the analyses to include all males and females 
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within males. Finally, we obtained a combined analysis of the three 
experiments for each trait, which provided estimates of the components 
of genetic variance and their respective interactions with environments. 
The analysis of variance combined for the three experiments is shown 
in Table 1. 
We computed separate analyses for each location and combined for 
the three locations for Z, 4, 6, 8, and the total of 10 females per male. 
The females per male were randomly selected only after the ones pre-
viously sampled had been replaced. Since two sets were discarded at 
Ankeny because of poor soil drainage and western corn rootworm infes-
tation, the analyses of the Ankeny experiment and the combined included 
only six sets or 48 half -sib families. The analysis shown in Table 1 was 
used for all sample sizes with the coefficients of the components of vari-
ance and degrees of freedom varying for the different sample sizes. 
Estimates of the male (Um) and female within male (U~~m) components 
were calculated by equating the expected mean squares to the observed 
mean squares. The estimates of ~m and 0-f/ m were translated to the 
genetic components of variance as follows: 
0"A = 4 
m  
and 
^t (^z ^z ) U D = 4 U f/m - 6 m
where ~A is the additive genetic variance and 6D is the genetic variation 
due to dominance deviations. We calculated standard deviations (S. D.) 
for all the estimates of genetic variances for the different sample sizes 
by use of the relation: 






where m, 's are the appropriate mean squares for the calculation of the 
component of variance (~1), Cis the constant, and d, f, the degrees of 
freedom for the respective mean squares. Additional details of the ex-
periments were described by Marquez-Sanchez (1968). 
Results 
The estimates of additive (0"A) and dominance (6D) components of 
genetic variance with their respective standard deviations, the ratio 
(~D~~A)° and the heritabilities (hZ) in the narrow sense are included in 
Table 2 for the five female sample sizes. The estimates in Table 2 were 
computed by using the data pooled for 48 males for the three locations. 
Heritabilities were computed on a per-plot basis. 
Silking date. The estimates of 0-A (Table 2) show consistency for all 
female sample sizes. Estimates of ~D, however, show considerable 
fluctuation including negative estimates for 4 and 10 females. Heritability 
approaches 75% for increasing numbers of females. Increasing the num-
ber of females above six per male does not appear to increase the pre-
cision of the estimates (Figure 1). 
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Plant height. Table 2 shows that four females per male are sufficient 
for the estimates of 6A, ~D, and hZ to show consistency for different 
female sample sizes. Heritability for plant height approaches 70%. The 
plotting of the standard deviations for the estimates of ~A and UD (Fig-
ure 1) shows a gradual decrease until eight females are mated to each 
male. The increased precision obtained for the standard deviations for 
the higher numbers of females, however, may not be great enough to 
offset the increased costs for growing more progenies. 
Ear height. Figure 1 shows that the standard deviations of ~A and 6D 
level off when the female sample size is six. In Table 2, the estimates 
of 6A and hZ show consistency when female sample size is four or more. 
The estimates of 6D are small and erratic for all sample sizes. Herita-
bility for ear height is approximately 80%. 
Ear row number. There is no consistent pattern for the standard 
deviations when the different female sample sizes are compared (Figure 
2). The estimates of 6A and ~D show a consistent trend when a female 
sample size of four or more is used. The hZ estimates are approxi-
mately 33% for samples of six or more females (Table Z). Figure Z 
shows that the standard deviations of UA and ~D decrease to six females 
per male, but they fluctuate at higher values for 8 and 10 females per 
male. 
Ear length. A female sample size of six or more females per male 
would appear to be adequate. With six or more females, the hZ estimates 
are approximately 50%. The plotting of the standard deviations fir the 
estimates of 6'A and 6D (Figure 2), shows that six females should give 
adequate precision. 
-Ear diameter. A sample of six females per male should be adequate 
for the estimation of ~A, 0"D, and hZ (Table 2). The estimates appear 
to stabilize when six or more females are mated to each male, and h2
approaches Z5%. The plotting of the standard deviations is not as con-
sistent and shows that a sample of four females may be sufficient,(Fig-
ure Z). 
Cob diameter. This trait shows more fluctuation in estimation than 
any of the other traits. The estimates for a sample of either 4 or 6 
females per male are similar, but the estimates for samples of 8 or 10 
females are quite different. This same trend is reflected in the esti-
mates of hZ . The estimates of hZ are approximately 60% for 4 and 6 
females, but they increase to 78% for 8 females and decrease to 38% for 
10 females. The standard deviations shown in Figure 3 show a clearer 
trend since with more than 4 females per male there are no substantial 
gains in precision. 
Kernel depth. The estimates for kernel depth show the same trend 
exhibited by the other ear characters, except cob diameter. The esti-
mates of 0-A, 6D, and h2 show remarkable consistency for all female 
sample sizes. Heritability is approximately 50%. In graphing the stan-
dard deviations (Figure 3), there is no gain in precision when more than 
six females are included. 
Weight of 300 kernels. The estimates of the genetic parameters 
appear to attain stability when six or more females are mated to each 
male. The heritability estimates for kernel weight approximates 50% 
when six or more females are used. In Figure 3, the standard deviations 
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Figure 1. Standard deviations (S. D.) for estimates of ~ Z and 0-D for 
Bilking date, plant height, and ear height for five female 
sample sizes. 
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Figure 2. Standard deviations (5. D.) for estimates of ~A and ~D for ear 
diameter, ear length, and ear row number for five female 
sample sizes. 
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Figure 3. Standard deviations (S. D.) for estimates of ~A and ~D for 
weight of 300 seeds, kernal depth, and cob diameter for five 
female sample sizes. 
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of the estimated genetic parameters are plotted for different numbers 
of females per male. For the additive component of genetic variance, 
four females per male are sufficient, whereas six females per male are 
necessary for the standard deviations of the dominance component to 
attain their lowest value. 
Fifteen of the possible 35 estimates of UD were negative (Table 2). 
Eight of the 15 negative estimates were obtained for female sample 
sizes of 2 and 4. Six negative estimates, however, were obtained for 
ear height, cob diameter, and kernel depth by using 6, 8, or 10 females 
per male. Traits that showed either Z or 3 negative estimates of 0-D 
included ear height, ear diameter, cob diameter, kernel depth, and 
Bilking date. 
Discussion 
For the plant and ear characters included in this study, we have used 
two criteria to determine the optimum number of females that should be 
mated to each male to obtain good estimates of the genetic components 
of variance, 6A, and 0"D. The first was the seeming stabilization of the 
corresponding estimates of UA and ~D observed as the number of females 
per male increases. The second consisted of using graphs to determine 
the point at shich the standard deviations of the estimated parameters 
start to level off; i, e. , the point at which no substantial gains in preci-
sion were obtained for increasing female sample sizes. Marquez-Sanchez 
(1968) showed that, for yield, an increase in the number of females per 
male does not necessarily lead to an increase in the estimates of 
~f~m 
and a decrease in the estimates of Um, which would result in a concomi-
tant increase and decrease of the estimates of ~D and ~A, respectively. 
For this reason, the best criterion is probably the one that considers the 
standard deviations of the genetic parameters. The reason is that the 
standard deviations are the square root of a linear function that involves 
addition of terms (the squared mean squares included in the estimation 
of the component of variance), and all these terms vary inversely either 
with the number of females per male used or with the square of this num-
ber. A general reduction, therefore, is expected as the number of fe-
males increases. A standard deviation is an indication of the variation 
that could be expected if a series of samples of a given size were used 
to estimate the parameter. If the standard deviation was small, one 
would have more confidence that the estimate approaches the true param-
eter 
If we use the standard deviations of the estimated parameters as our 
criterion for the optimum female sample size, we can relate this to the 
estimates of heritability. Table 3 summarizes the heritabilities for the 
nine plant and ear characters and for yield. Table 3 shows that there is 
not a general relation of the numbers of females per male needed for a 
given character and its heritability. The most frequent number of fe-
males per male is six (for the 10 traits), and this number is present for 
the complete range of heritabilities. The number of females per male, 
therefore, depends more on the existing phenotypic variation among males 
and among females than on the relation of the additive genetic variance 
with respect to the phenotypic variance. 
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Table 3. Estimates of heritability (%) for the female sample sizes be-
yond which there were no increases in precision as determined 





Ear height 80 6 
Silking date 7 5 6 
Cob diameter 70 4 
Plant height 70 8 
Ear length 50 6 
Kernel depth 50 6 
Weight 300 kernels 50 6 
Ear row number 30 6 
Ear diameter 25 4 
Yield 20 8 
Negative estimates of UD were obtained for some characters irre-
spective of female sample size. Seven negative estimates of ~D were 
obtained for three closely related traits, kernel depth and ear and cob 
diameter. Kernel depth was measured as the difference between ear 
diameter and cob diameter, and cob diameter exhibited negative esti-
mates of ~D with the use of 6 or 8 females per male (Table 2). Two 
estimates for silking date (4 and 10 females per male) were negative. 
Lindsey et al. (1962) hypothesized that assortative mating may be a 
contributing factor for the occurrence of negative estimates. However, 
the mating procedures used to minimize assortative mating in this and 
other studies (Goodman 1965; Hallauer and Wright 1967; Lindsey, Lonn-
quist and Gardner 1962; Stuber, Moll and Hanson 1966) did not materially 
reduce the frequency of negative estimates of ~D. Table 2 shows that 
negative estimates were obtained for silking date, kernel depth, cob 
diameter, and ear height for 6 to 10 females per male with the data 
pooled for three environments. It is not possible to assign to sampling 
error the presence of those negative estimates, at least within the range 
of the female sample sizes used in this study. To determine whether the 
negative estimates will disappear with female sample sizes larger than 
10, it would require research that probably would be more academic 
than practical. 
If the true parameter is zero or some small positive value, the occur-
rence of negative estimates would be expected within the range of the 
standard deviations. This could be the case for kernel depth and silking 
(Table 2) for the estimates of ~D. All the estimates of ~D are small 
and within the range of one standard deviation for all female sample 
sizes, albeit the standard deviations have decreased with increased 
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female sample size. This indicates that the genetic variance due to 
dominance deviations (0- D) is either zero or some very small positive 
value for kernel depth and Bilking date. The small negative estimates 
of UZD for these two traits probably should be expected regardless of the 
female sample size. 
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WATERFOWL IN RELATION TO LAND USE AND WATER LEVELS 
ON THE SPRING RUN AREA1
Gary L. Krapu, David R. Parsons, and Milton W. Weller 
Department of Zoology and Entomology 
Iowa State University, Ames, Iowa 
ABSTRACT. Low water levels during critical phases of 
the breeding cycle appear to have caused population 
declines of waterfowl and other marsh birds on the 
Spring Run Game Management Area. pair -counts indi-
cated a decline from 70 pairs of waterfowl in 1965 to 
2 pairs in 1968. Nest success of upland nesting blue -
winged teal (Anas  discors)  averaged 33%, and mallards 
(Anas  platyrhyncos)  averaged 23%. Blue -winged teal 
selected nest sites closer to water than did mallards 
(314 feet versus 424 feet) . Teal nested in ungrazed 
bluegrass (Poa  pratensis)  in preference to alfalfa 
(Medicago  sativa)  hayland. Bromegrass (Bromus  in-
ermis)  was readily used by teal and mallards when it 
became available for nesting. Nest success of species 
nesting overwater was considerably higher: Redheads 
(Aythya  americana)  were 55% successful, and 93% of 
75 coot (Fulica  americana)  nests hatched. A study of 
dummy -nests showed nest success significantly higher 
on ungrazed than on grazed bluegrass. Grazing did 
not significantly lower total mouse populations but did 
change species composition because deer mice (Pero-
myscus  maniculatus)  increased as other species de-
clined with grazing. 
INTRODUCTION 
Northwestern Iowa once included some of the most productive water-
fowl habitat in North America, but intensive drainage of wetlands and 
cultivation of the uplands have modified the significance of these areas 
to waterfowl. Today, breeding habitat in the Dakotas, western Minne-
sota, and the prairie provinces of Canada is undergoing drastic altera-
tion. Because of Iowa's long history of intensive agriculture, studies on 
its wetland remnants can provide data to resolve problems that are be-
coming more prevalent throughout the prairie pothole region. 
To insure the preservation of our wetland resources, several agencies 
are acquiring blocks of remaining wetlands. The high cost of acquisition 
' Journal Paper No. J-6364 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1504. 
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and maintenance of waterfowl breeding habitat has made it necessary to 
seek additional income from these areas. Therefore, several farming 
practices have been used on state and federally owned lands in an attempt 
to obtain an acceptable income while maintaining waterfowl production. 
The principal objectives of the present study were to evaluate the re-
sponse of nesting waterfowl to light grazing, mowing, and water level 
changes. The Spring Run Game Management Area was selected for the 
study because of wide diversity of upland habitats and excellent pothole 
interspersion. During the study, severe drought modified the habitat so 
drastically that waterfowl populations were adversely affected. 
This project was one phase of Pittman-Robertson Project W-105-R 
of the Iowa State Conservation Commission. Krapu and Parsons were 
financed by that source, and Weller was financed by the Iowa Agriculture 
and Home Economics Experiment Station. We are indebted to a number 
of student assistants who worked on the project: Leigh H. Fredrickson, 
Jeffrey Hruska, James C. Franson and Wayne Ewing. We also are in-
debted to Ronald Howing, Harold Johnson and Glen Yates of the Iowa 
State Conservation Commission for their eager cooperation in every 
aspect of the study. 
DESCRIPTION OF THE STUDY AREA 
The Barth Tract of the Spring Run Game Management Area contains 
about 500 acres and is located in sections 13 and 24 of Center Grove 
Township of Dickinson County in northwestern Iowa (Fig. 1). The study 
area is predominantly rolling grassland, interspersed with small fields 
and wetlands. Bluegrass forms the principal vegetation on 60°jo of the 
uplands (Fig. 1). Before purchase by the State Conservation Commission 
in 1960, the remaining uplands were in cultivated fields ranging from 5 to 
26 acres. After acquisition by the state, several of the tilled areas were 
converted to alfalfa and bromegrass fields. To provide additional nest-
ing cover, the bromegrass fields were not mowed. 
Wetlands of 3 to 41 acres are well interspersed within the area. The 
dominant emergent species of most wetlands were burreed (Sparganium 
eurycarpum), arrowhead (5agittaria sp.), sweet flag (Acorus calamus),
and sedges (Carex spp.). However, narrow-leaved cattail (Typha angusti-
folia), river bulrush (Scirpus fluviatilus), and slender bulrush (Scirpus 
heterochaetus) were dominants on some potholes. 
METHODS 
Appraising Bird Populations and Production 
Counts of breeding pairs were taken from late May through the end of 
June at weekly intervals between the hours of 7 A. M. and 10 A. M. C.D.T. 
Counts were taken only on calm mornings when pairs were in openings 
away from vegetation. Pairs and lone males were counted as breeding 
pairs, but flocks were considered unpaired birds. 
Nest searching began by June 1 of each year and continued until about 
July 20. Two methods were used to find nests on the uplands. A sys-
tematic search of all upland areas was made by dragging a 60-foot rope 
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Figure 1. A cover map of Spring Run Game Management Area in Dickin-
son County, Iowa, during the summers of 1966 and 1967. 
with weighted cans tied on at 5-foot intervals. All uplands were searched 
at least twice each season by using this method. Nests also were found 
by observing flights of hens returning to the nest from potholes during 
early morning hours. For nests in emergent vegetation, a systematic 
search was made of the overwater habitat by slowly wading through it at 
intervals allowing a careful perusal of potential nest sites. 
Upon finding a nest, several measurements were taken to determine 
cover preferences. Plant species composing the nest cover were re-
corded, and cover density was rated on a scale of 0 to 5. Height of 
cover plants, water depth at overwater nests, and distance from open 
water were the principal measurements. Clutch size and the presence 
of down were recorded. In addition, eggs were candled to determine 
whether incubation had begun (Weller 1956). Flotation was used to de-
termine if incubation had begun at coot nests. Nests were rechecked in 
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late June and early July to determine their fate. The presence of extra 
embryonic membranes in or near the nest was used as an indication of 
hatched eggs. 
To determine production on the area, several brood counts were 
taken from 6 A. M. to 8 A. M. C. D. T. , and at sunset from mid-July 
through early August. Brood dispersal into densely vegetated habitat 
normally dry by the brood-rearing period caused counts to be of little 
value in 1965. The accuracy of production estimates increased in 1966 
and 1967, however, because of declining water levels that restricted 
broods to a few deep potholes. Counts were not seriously complicated 
by production on surrounding private land because of intensive land use 
and lack of wetlands. 
Evaluating Land Use Practices 
The two units used in this experiment had not been grazed during the 
5 years preceding this study. When the study was begun in 1965, no 
grazing was permitted for the first 2 years so that data on the number 
and distribution of nests would form a control. In the subsequent 2 years, 
the potential grazing area was divided into two units (A and B), and one 
unit only was grazed each year. Unfortunately, drought conditions re-
duced the quality of the comparison. 
Grazing began in Unit A on Nov. 1, 1966, when a herd of 30 Black 
Angus cattle were placed within a 110-acre enclosure having 70 acres of 
upland bluegrass prairie and 40 acres of wetlands. Grazing continued 
to the end of that month and from May 1 to July 1 of 19 67 . In 19 68, the 
same herd of cattle was placed on Unit B, a 92.8-acre area having 66. 0 
acres of upland bluegrass habitat. The period of grazing in 1968 was 
from April 1 to June 12, when the cattle were removed from Unit B. 
Cattle were removed from both units when density of bluegrass clumps 
remained relatively high, but the continuous stands of living grasses and 
accumulated dead vegetation had been removed. 
The low blue-winged teal nesting populations during the years of the 
grazing experiment made it impossible to use natural nests to compare 
nest density and nest success with degree of cover removed by grazing. 
Therefore, an indirect method was used to compare nest success under 
different land-management systems. The dummy-nest technique de-
scribed by Hammond (1966) was used in 1968 to compare losses from 
predation on: 1) the area grazed in 1968, 2) the area grazed in 1967 but 
not grazed in 1968, and 3) an area not grazed during the past 5 years. 
Areas selected were similar in topography, vegetation, and distribution 
of wetlands. Sixty artificial "nests" of one chicken egg each were placed 
in each of the land-use treatments. The nests were in two lines, one 
30 feet from the transition zone between marsh and uplands and one 80 
feet from the transition zone. Nests were 50 feet apart and were re-
checked 21 days after placement to determine their fate. The signifi-
cance of nest success to treatment was tested by using a fourfold con-
tingency table to make achi-square test for independence as described 
by 5nedecor (1956). 
Because of the possibility that predators might have been attracted to 
areas with high mouse populations, a small mammal study was made 
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during July and early August of 1968 to compare rodent population den-
sities in the habitats used for the dummy-nest experiment. In each of 
the three habitats, 60 snap traps were placed at intervals of 27.5 feet 
in a hexagonal pattern with no center trap. Each hexagon covered one 
acre. Trapping periods were July 9-15 and August 1-7, providing a 
total of 840 trap nights in each habitat. 
Five areas totaling 51 acres were mowed twice each summer (Fig. 1). 
These haylands ranged from 5 to ZO acres, and their principal vegetation 
was alfalfa and red clover (Trifolium pratense). The first cutting of hay 
began on or after July 1 of each year. Systematic nest searching was 
carried out on these haylands before July 1. 
Water Levels 
Water -level markers were placed on five wetlands to record changes 
in water depth. Readings were made at weekly intervals from May 31 to 
August 9 in all years of the study except 1968, when all potholes were 
dry. The location of these gauges, the location of the outlets emptying 
into the area, and direction of water flow are shown in Figure 2. To 
evaluate data on water levels and water loss, temperature and precipi-
tation records were obtained from an official U. S. Weather Bureau 
observer at Spirit Lake, Iowa, 6 miles from the study area. 
SCALE 1/2" = 1056' 
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Figure 2. Pothole complex at Spring Run Game Management Area show-
ing ditches connecting most wetland areas. Water level mar-
ker location, the outlets, and direction of water flow are 
shown. 
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POPULATIONS AND PRODUCTION 
Population Changes and Nest Success 
During the 4-year period, 56% of the pairs were blue-winged teal, 
22%were mallards, and 10% were redheads. Ruddy ducks (Oxyura 
jamaicensis), shovelers (Anas clypeata), wood ducks (Aix sponsa), and 
gadwalls (Anas strepera) made up the remaining 12% of the observed 
pairs. Pair-counts show waterfowl populations declined from a high of 
70 pairs in 1965 to an extreme low of 2 pairs in 1968 (Table 1). 
Some nona.natid marsh-nesting species also declined during each year 
of the study as was indicated by nest counts (Table 2). Coots were abun-
dant in 1965, were rarely observed by 1967, and were not present in 
1968. As a result of the dramatic decrease in water levels, populations 
of overwater-nesting birds declined more rapidly than did those nesting 
in the uplands. 
Of 31 teal nests studied in 1966 and 1967, 29% hatched, 13% were 
deserted, and 58% were destroyed by predators. Blue-winged teal nest. 
success dropped from 35% in 1965 to 31% in 1966 and to 27% in 1967. No 
teal nests were found in 1968. Thirty-five completed clutches from 1965 
through 1967 averaged 9.9 + . 35 S. E. with a range of 5 to 13. No teal 
nests found in this study had been parasitized by other ducks. 
Mallard nest success was 23%A the lowest for any species under study. 
Thirteen completed clutches averaged 8.8 + . 42 S. E. (Range 6-11). 
Coots and pied-billed grebes (Podilymbus podiceps), which nested over 
water, attained the highest nest success of any species on the area: 93 
and 94%, respectively. Fifty completed coot clutches averaged 8. 6 + . 20 
S. E. Six of the 11 redhead nests (55%) were successful. 
Based on ducklings raised to class III stage, total waterfowl produc-
tion per acre of water declined from 0.8 (116) in 1966, to 0. 2 (34) in 
1967, to 0.0 in 1968. No production figures are available for 1965, but 
the nest density and nest success data suggest that production was con-
siderably above the last 3 years of the study. Blue-winged teal accounted 
for 57% of the combined production of 1966 and 1967, and mallards ac-
counted for 26%. Duck production at Spring Run was much below the 3. 7 
ducks raised annually to flight per acre of water in southeastern Alberta 
(Keith 1961), but production did approach the 0. 6 ducks raised annually 
to flight per acre of water in Pope County, Minnesota (Benson 1964). 
Nest Site Selection 
The nest sites of several species were studied in relation to land 
management to determine qualities of the habitat that could be manipu-
lated to attract nesting females and to improve nest success. 
Figure 3 shows the range and frequency distribution of blue-winged 
teal nests in relation to open water. The mean distance of 66 teal nests 
from water was 314 feet (Range 45-900), with 83% of the nests being 
within 450 feet of water. The mean distance of 17 mallard nests from 
water was 424 feet (Range 9-1050). 
Blue-winged teal showed a marked selectivity toward bluegrass over 
alfalfa-red clover in 1965, when all 35 teal nests were found in blue-
grass, and none was in alfalfa-red clover. Bromegrass became available 
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Figure 3. The distribution of blue-winged teal nests in relation to open 
water. 
in 1966 and was readily used by nesting teal. Thirty-nine percent of the 
bluewinged teal nests and 60% of the mallard nests were found in brome-
grass in 1966 and 1967. But low nesting populations made precise 
evaluation of nesting habitat selection difficult. Table 3 summarizes 
teal nest densities relative to cover type. 
Mean cover height and mean density rating of cover at nest sites of 
several upland and overwater nesters are shown in Table 4. Mallards 
used tall and somewhat more dense vegetation than did teal, Most mal-
lards selected nest sites along fences, ditches, and field edges. Teal 
nested in cover having density ratings of from Z to 5 (scale of 0-5), The 
mean cover rating of teal nests increased from 3. 1 in 1965 to 4. 0 in 
1966 but declined to 3. 4 in 1967. Higher cover density ratings at nest 
sites in 1966 and 1967 may have been the result of increased use of 
bromegrass. 
Species nesting overwater shifted nest sites in response to water 
level declines. Table 5 shows that sedge (a dominant of the wet-meadow 
zone) and slender blurush (a dominant of small potholes) were important 
cover types at coot nest sites in 1965 but seldom were used in 1966 and 
1967. No coots nested on the area in 1968. Cover density at coot nest 
sites increased from 2. 4 in 1965, to 2.9 in 1966, to 4. 0 in 1967. In-
creasing cover density evidently was the result of low water levels, 
which induced plant germination on the mudflats and eliminated muskrat 
populations each fall. 
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Table 1. Mean number of pairs of each species sighted during pair-counts 
of late May and June, 1965-1968. 
Species 
Number of Pairs 
1965 1966 1967 1968 Total 
Blue-winged Teal 43 14 17 0 74 
Mallard 9 9 10 1 29 
Redhead 8 2 3 0 13 
Ruddy Duck 4 1 0 0 5 
Shoveler 4 0 0 0 4 
Wood Duck 1 1 1 1 4 
Gadwall 1 1 1 0 3 
Totals 70 28 32 2 132 
Table 2. Total number of nests of waterfowl and other marsh-nesting birds. 
Number of successful nests is shown in parentheses. 
Number of Nests 
Species 1965 1966 1967 1968 Total 
Coot 57(54) 13(13) 5(3) 0 75(70) 
Pied-billed Grebe 26(25) 5(5) 4(3) 0 35(33) 
Blue-winged Teal 35(13) 16(5) 15(4) 0 66(22) 
Mallard 7(0) 3(3) 7(1) 0 17(4) 
Redhead 7(4) 3(2) 1(0) 0 11(6) 
Shoveler 2(1) 0 0 0 2(1) 
Gadwall 0 1(1) 0 0 1(1) 
Ruddy Duck 1(0) 1(1) 0 0 2(1) 
Common Gallinule 2(2) 0 0 0 2(2) 
Virginia Rail 2(2) 0 5(4) 0 7(6) 
Sora 2(2) 0 1(0) 0 3(2) 
Total 141(103) 42(30) 38(15) 0 221(148) 
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Table 3. Nest densities and percent nest success of blue-winged teal on 
the major cover types, 1965-1967. 
Cover Type No. Nests Acres/Nest Percent Success 
Bluegrass 52 13 31 
Bromegrass 12 10 50 
Alfalfa-red clover 2 72 0 
Totals 66 14 33 
Table 4. Mean cover height (in inches) and mean density rating at nest 
sites of some upland and overwater nesters. Confidence limits 
are at the 95% level. 
Species No. Nests Mean Height Mean Density 
Blue-winged Teal 64 17.5 + 1.6 3.2 + .2 
Mallard 17 27.4 + 4.9 3.8 + .9 
Coot 80 32.7 + 3.0 2.6 + .2 
Redhead 12 50.5 + 7.3 3.1 + .7 
Table 5. Cover types at coot nest sites on Spring Run Game Management Area. 
Cover Types 
Number of Nests 
1965 1966 1967 Total 
Carex spp. 18 1 0 19 
Scirpus heterochaetus 20 1 1 22 
Sparyanium eurycarpum 5 7 2 14 
Typha spp. 14 6 2 22 
Acorus calamus 12 4 1 17 
Equisetum sP. 1 0 0 1 
Iris versicolor 0 1 0 1 
Total 70 20 6 96 
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Weller and Spatcher (1965) found coots nesting only in emergent vege-
tation where they could swim to the nest, and an abrupt cover-water 
edge was found unattractive to coots. At Spring Run during periods of 
low water levels, dense stands of robust emergents bordered the central 
openings of most wetlands, creating an abrupt cover-water edge. The 
emergent cover was often above a floating mat of decaying vegetation 
and other organic matter that prevented coots from swimming past the 
peripheral edge of the vegetation. Therefore, during years when the 
wet meadow zone was not flooded, nest site availability declined because 
coots were confined to borders of central marsh openings. 
Mean depth of water levels at nest sites of coots, pied-billed grebes, 
and redheads are shown for June of each year in Table 6. Water depths 
at nests declined despite movement by birds to deeper, more central 
parts of wetlands. 
WATERFOWL AND SMALL MAMMALS IN RELATION TO LAND USE 
Grazing 
Grazing was not a major cause of the waterfowl population decline 
that occurred during the study. Table 7 shows that nest count changes 
on grazing units did not correspond to the presence or absence of cattle. 
The low nest density on both grazed and ungrazed habitat prevented a 
direct comparison of nest success. 
A dummy-nest study in 1968 on grazed (1967), grazed (1968), and un-
grazed habitats indicated a lower nest success rate on habitat grazed in 
1968 when compared with the ungrazed habitat. This difference was 
significant at the 99% level (XZ = 8. 44 with 1 df). Nest success was 10% 
on habitat grazed in 1968 and 30% on ungrazed habitat. Dummy nests 
were 17% successful on habitat grazed in 1967. A test for independence 
comparing nest success on ungrazed habitat and habitat grazed in 1967 
yielded achi-square value not significant at the 95% level (XZ = 3.77 
with 1 df) . 
The total small mammal catch for 2520 trap nights was 208 mice giv-
ing amean daily trap success of 8. 3%. The deer mouse and the meadow 
vole (Microtus pennsylvanicus) ranked 1 and 2 in all three treatment 
areas. However, the catch of each of these species varied widely among 
habitats (Tables 8 and 9). The largest coefficients of variation for the 
deer mouse occurred when comparing the catch from the ungrazed area 
and the area grazed in 1968. The largest coefficient of variation for 
meadow voles resulted from a comparison of catch on ungrazed habitat 
with habitat grazed in 1967 (Table 8). The composition of the catch from 
each habitat treatment is shown in Table 9. 
Mouse populations appeared to respond rapidly to altering of habitat 
by grazing. The catch of deer mice on habitat first grazed in 1968 was 
40% above the catch on ungrazed habitat. The meadow vole catch on the 
area grazed in 1968 was 39% below the catch on the ungrazed habitat. 
The masked shrew (Sorex cinereus) appears to have been adversely 
affected by grazing (Table 9). The replacement of one species by another 
with grazing caused mouse biomass to remain relatively constant among 
all treatment areas. 
WATERFOWL ON THE SPRING RUN AREA 447 
Table 6. Mean depth of water levels at nest sites of redheads, coots, and 
pied-billed grebes during June of each year, 1965-67. There were 
no nests in 1968. 
Species 
Water Depth (in inches) 
1965 1966 1967 
Redhead 22.0 13.0 15.0 
Coot 22.2 13.5 15.4 
Pied-billed Grebe 24.8 15.0 19.0 
Average 23.0 13.8 16.5 
Table 7. Number of duck nests on each unit prior to, during, and after 
grazing. Parentheses indicate number of nests present during 
the year that grazing occurred on the unit. 
Unit Upland Acreage 
Number of Nests 
1965 1966 1967 1968 
A 70 14 3 (4) 0 
B 66 13 1 2 (0) 
Totals 136 27 4 6 0 
Table 8. Coefficients of variation, in percent, are given to show relative 




Deer Mouse Meadow Vole 
Non-grazed vs grazed (1967) 15 44 
Non-grazed vs grazed (1968) 35 34 
Grazed (1967) vs grazed (1968) 20 11 
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Total Non-grazed Grazed (1967) Grazed (1968) 
Peromyscus maniculatus 33 41 55 129 
Microtus pennsylvanicus 23 12 14 49 
Sorex cinereus 17 3 0 20 
Zapus hudsonius 2 4 1 7 
Blarina brevicauda 1 0 1 2 
Microtus ochrogaster 0 0 1 1 
Totals 76 60 72 208 
Mowing 
The 51 acres of alfalfa-red clover hayland received very limited use 
by nesting waterfowl. Only three of 86 ducks were found in this cover 
type during the 4-year period. Alfalfa-red clover growth was negligible 
after the second cutting; thus, little nesting cover was present until new 
growth appeared late in the following spring. Lack of cover appears to 
have caused birds to select other nest sites. 
WATER LEVELS AND PRODUCTION 
Low water levels during critical periods appear to have been the 
major cause of population declines of waterfowl and other marsh birds. 
Water conditions were most favorable in 1965 because of high runoff in 
March plus heavy rainfall during April and May (Table 10). The pre-
cipitation during May caused stable water levels when coots, blue-winged 
teal, and redheads were initiating nests. Precipitation after June 1 did 
not cause increased nesting activity. For example, the area's wetlands 
underwent nearly identical water -level declines after June 1 in 1965 and 
1966 (Table 11). In 1967, water levels increased throughout June, but 
pair -counts and nest searching indicated that blue-winged teal popula-
tions were similar in 1966 and 1967 and much above 1968. Water levels 
declined rapidly during May of 1966, 1967, and 1968. The most un-
favorable habitat conditions were in 1968, when exposed mudflats with 
temporary pools were all that remained of most wetlands. Waterfowl 
and several other marsh birds abandoned the area completely (Tables 1 
and 2) . 
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Pair-counts indicated that the mallard population remained almost 
constant from 1965 through 1967 but dropped sharply in 1968. The 
highest water levels followed runoff of snow water in early spring and 
then gradually declined until the area was completely dry in mid-
September. In 1968, the potholes were essentially dry throughout the 
spring. It appears that size of the mallard population was a function of 
the condition of the habitat in late March and early April when mallards 
were establishing territories. Similarly, Mendall (1958) found that low 
breeding populations of black ducks (Anas rubripes) often resulted if 
water levels were unfavorable during a brief critical period just before 
nesting. 
Total precipitation differences from March 1 to July 31 were rela~ 
tively minor from 1965 through 1968 (Table 10). The period in which 
the precipitation came varied widely and was an important factor in de-
termining its significance to waterfowl. The highest recorded precipi-
tation was in 1968, when water levels were the lowest. Early spring 
drouth conditions resulted in a high soil uptake of April and May pre-
cipitation. The result was almost no runoff until midsummer when it 
was too late to improve production. It is obvious that water levels in 
these wetlands are a product of accumulation of fall rains and winter 
snows rather than of spring rainfall only, 
Water level instability can be attributed partly to a past attempt to 
drain the entire wetland complex. Measurements made during each 
summer show that water levels declined quite rapidly despite consider-
able rainfall during late spring and early summer (Table 11). Rainfall 
during June of 1967 raised water levels 5.8 inches from May 31 to June 
z8, but by July 19, water levels dropped to the same reading as on May 
31. Water from these wetlands flowed into an old drainage ditch when-
ever water depth in the deepest wetland depressions exceeded Z feet. 
DISCUSSION AND MANAGEMENT SUGGESTIONS 
Importance of Water Level Management 
Population declines from 1965 to 1968 coincided with a gradual deter-
ioration of wetland habitat due to natural and man-made causes. There 
was no indication that the number of breeding pairs of ducks were deter-
mined by habitat conditions in the uplands. 
The importance of wetlands in attracting ducks was further shown by 
early nesting waterfowl that did not respond to annual habitat changes 
similar to late nesting species. Pair -counts indicated that late-nesting 
blue-winged teals and redheads had sharp population declines from 1965 
to 1966 and further declines from 1967 to 1968. The mallard, an early 
nester, retained a stable population in all years except 1968, when the 
area was dry even in early spring. 
Reduction of water loss during spring and summer is an essential 
step toward improvement of duck production on the Spring Run Area. 
Considerable control of water levels is feasible because all wetlands 
drain into one outlet (Figure 2), If two wetlands still in private owner-
ship are purchased, awater-control structure at the location of the for-
mer dam site would control water levels on all but two small potholes on 
the area. 
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Table 10. Total monthly precipitation (in inches) for the March through 
July period of each year at Spirit Lake, Iowa. 
Month 1965 1966 1967 1968 
March 2.02 1.04 0.41 0.15 
April 3.62 1.32 2.05 4.40 
May 5.06 2.05 1.61 2,25 
June 2.77 2.96 7.23 4.34 
July 0.91 4.82 1.46 4.24 
Total 14.38 12.19 12.76 15.38 
Table 11. Mean weekly water level changes (in inches) from a base level 
established on May 31 of each year. Measurements were not taken 
in 1968 because of drought. 
Date 1965 1966 1967 
June 7 - .9 - .4 +2.2 
June 14 .8 - 1.5 +3.6 
June 21 -3.4 -3.2 +4.4 
June 28 - 5.1 - 4.9 +5.8 
July 5 - 7.6 - 8.0 -K+.2 
July 12 - 9.8 -10.3 +2.2 
July 19 -11.5 -12.4 -2.8 
July 26 -13.2 -16.0 -3.4 
August 2 -16.6 -18.1 -5.9 
August 9 -19.7 -18.2 -7.8 
Total Water Loss 19.7 18.2 13.6 
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Management on the Uplands 
Although water control is of primary importance, several types of 
habitat improvement could be used in the uplands. Blue-winged teal and 
mallards are the principal nesting species, and management programs 
should be directed mainly toward these species. Several parameters of 
the habitat were measured on the uplands in an attempt to determine 
land-management practices that would enhance production. Low breed-
ing populations prevented a conclusive evaluation of the effectiveness of 
habitat manipulation, but several factors deserve attention. 
Both bluegrass and bromegrass were readily accepted as nesting 
sites. Bromegrass was selected over bluegrass in 1966 and 1967, but 
sample sizes in both cover types were small. Bluegrass and bromegrass 
were selected over alfalfa-red clover hayland throughout the study. In 
1965, when bromegrass was absent, all 42 blue-winged teal and mallard 
nests were in bluegrass, with none in alfalfa-red clover hayland. Only 
3 of 86 duck nests in the uplands during the 4-year study were in alfalfa 
hayfields. Other studies in Iowa have indicated alfalfa to be widely used 
for nesting cover (Bennett 1938; Glover 1956; Burgess, Prince and 
Trauger 1965). However, on Spring Run, late-summer mowing restricted 
nesting activities during the following spring by reducing nesting cover. 
Complex management programs involving several land-management 
practices are difficult to administer and may invite high nest loses from 
predation by clumping of nests in restricted areas. Habitat-management 
plans could be simplified by elimination of some present practices that 
also may cause more random dispersal of nests throughout the area. 
One possible system is to eliminate all cultivated crops and hayfields 
and permit light grazing over the entire area. A level of grazing that 
would not seriously reduce nesting cover for teal during years of normal 
rainfall probably is about 1 cow per 6 acres of upland when restricted to 
the summer months. On small units such as Spring Run, however, the 
financial returns from such leasing may not justify fencing of the area 
and administering of the contract. 
Any reduction in density of cover seems to reduce nest success. Hay-
fields and cultivated lands receiving low use by nesting waterfowl could 
be seeded to a brome-sweetclover (Melilotus spp.) mixture to increase 
the acreage of high density cover. Sweetclover also would provide cover 
and winter food for ring-necked pheasants (Phasianus colchicus).
A recent study in north-central South Dakota (Duebbert 1969) indicates 
that mallard hens can be attracted to nesting habitat from loafing ponds 
several miles away. The ability to attract mallards from surrounding 
intensively farmed areas not having nesting cover may be an extremely 
valuable method of improving production on management units such as 
Spring Run. Satellite wetlands within a radius of 3-4 miles could be 
acquired and restored to attract additional breeding pairs. These wet-
lands need not exceed 5 acres. 
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AN EVALUATION OF TECHNIQUES FOR INDUCING 
MALE STERILITY IN OATS1
R.C. Frohberg and K. J. Frey 
ABSTRACT. Hot water, malefic hydrazide (MH), gibber-
ellic acid (GA), calcium 2, 3-dichloroisobutyrate (FW-
676) , and magnesium 2, 3-dichloroisobutyrate (G-315) 
were evaluated as male gametocides for oats (Avena 
sativa  L.) . After gametocide treatments, the amounts 
of natural crossing from bagging male and female 
(treated) panicles together and from hand pollination 
of treated panicles were determined. 
No combination of hot water temperature and immer-
sion interval produced a combination of high seed set 
and high percentage of hybrid seed when treated and 
male panicles were bagged together. 
MH was extremely phytotoxic. Treating oats with 
0. 05P/o GA four times at weekly intervals initiated at 
the 5 -leaf stage was an effective male gametocide, but 
the treated plants grew excessively tall. FW-676 and 
G-315 were ineffective as male gametocides and phyto-
toxic. 
INTRODUCTION 
Making oat crosses is exacting, time consuming, tedious and fre-
quently results in a low percentage of seed set. The percentage of seed 
set is influenced by environment, skill of the crosser and morphological 
traits of the female strain. The difficulty in obtaining crosses has in-
hibited the adaptation of certain plant breeding methods, e, g. , recurrent 
selection and backcrossing, to oat improvement. 
Male sterility is a useful tool in plant breeding research, by facilitat-
ing backcrossing, artificial crossing and interspecific hybridization. 
Heritable male sterility of genetic and cytoplasmic types has been found 
in many plant species, but neither has -been reported in hexaploid oats. 
Some workers (22, 8, 20, 34, 18) have reported the induction of male 
sterility in certain plant species with chemicals, and obviously, for 
making crosses in a breeding program, induced male sterility has 
1 Journal Paper No. J-6403 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project 1752. In cooperation with the 
Crops Research Division, Agricultural Research Service, U. S. Depart-
ment of Agriculture. 
z Assistant Professor of Plant Breeding, North Dakota State University, 
Fargo, and Professor of Plant Breeding, Iowa State University, Ames, 
Iowa, respectively. 
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advantages over the genetically controlled type because it can be used 
at will, whereas genetic male sterility can be a liability after the cross-
ing phases are completed. 
We investigated the induction of male sterility in oat flowers with hot 
water and certain chemicals and the extent of natural crossing from 




Techniques used and problems encountered in oat crossing outlined 
by Norton (25) 60 years ago were essentially the same as those of oat 
breeders today. Low percentage seed set is universal in oat crossing, 
and many factors are responsible for it. Temperature, evaporation, 
time of day, experience of the hybridist and parent variety traits are 
factors affecting percentage seed set (l, 6). 
Pollination on oat panicles begins in the top florets and progresses 
downward over several days (1 1, 1) with anther dehiscence occurring in 
the afternoon, usua113r between 2:00 and 5:00 p. m. (6, 11, 1) when artifi-
cial crossing of oats is most successful. The optimum interval to be 
allowed between the emasculation and pollination has been reported from 
none (6) to 3 to 4 hours (11) to 1 to 3 days (1). Frey and Caldwell (10) 
outlined the techniques for oat crossing in detail and presented a com-
prehensive literature review. 
Hot water emasculation of plants can be successful because pistillate 
flower parts tolerate a higher water temperature than does pollen (31). 
Jodon (16) emasculated rice flowers by treating partially exserted pani-
cles at 40° to 44° C for 10 min. , and the optimum treatment for bulk 
emasculation of smooth bromegrass (7, 5, 17) and several wheatgrasses 
(19, 5, 9, 12) was to immerse emerging panicles in water at 46° to 47°C 
for 5 min, or at 48 ° C for 1 min. Domingo (7) noted differences in criti-
cal temperature for hot water emasculation, within and between geno-
types, and for smooth bromegrass and crested and western wheatgrasses. 
Clark (5) found hot water treatments were least injurious at midday. 
Domingo (7) reported a satisfactory set of hybrid seed by bagging 
male and female panicles of smooth bromegrass together after bulk 
emasculation by hot water, but Fisher (9) obtained little seed under bags 
after stiffhair wheatgrass was emasculated with hot water. Keller (17) 
presented a comprehensive review on emasculation and pollination tech-
niques for grasses. 
Chemical Gametocides 
The gametocide properties of some chemicals on plants were first 
observed in studies that investigated morphological and physiological 
effects of these compounds. Jain (14) presented a summary of studies 
on male sterility induction with malefic hydrazide (MH), tri-iodobenzoic 
acid (TIBA), alpha-nephthaline acetic acid, and 2, 4-dichlorophenoxy-
acetic acid (2, 4-D). 
MH applied as an aqueous spray to corn plants (1 m tall) caused ster-
ile tassels according to Naylor (22) and Moore (21), but Warren and 
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Dimmock (32) found no male sterility for three corn hybrids treated with 
MH. McIlrath (20) pointed out that climatic conditions, developmental 
stage of the plant, and genotype influenced the effectiveness of MH for 
inducing male sterility in sorghum. Naylor and Davis (23) and Hoagland 
et al. (13) reported reduced topgrowth, anther size and stigmatic branch-
ing, and malformation of pollen grains in oats and in spring wheat, re-
spectively, and Chopra et al. (4) obtained male sterility in these species 
from MH treatment. Also, it suppressed staminate flower buds in cu-
curbits according to Wittwer and Hillyer (35). 
Eaton (8) and Richmond (29) showed sodium 2, 3-'dichloroisobutyrate 
(FW-450) was a male gametocide for cotton, but Pate and Duncan (27) 
could not confirm these results. FW-450 also has been evaluated for 
gametocidal properties in corn (2), alfalfa (28), soybeans (30) and in red 
clover, white clover, beets, turnips and perennial ryegrass (33), but 
with limited success. 
Kho and DeBruyn (18) demonstrated sodium salt of dichloroacetic acid 
was a male gametocide for Antirrhinum majus manum L. 
The gibberellins have induced male sterility in several instances. 
Wittwer and Bukovac (34) observed that gibberellin (250 ppm applied as 
a foliage spray to sweet corn plants 15 to 18 inches tall) caused 50°jo of 
the plants to be male sterile, and Nelson and Rossman (24) induced male 
sterility in late planted corn with foliar sprays of potassium gibberellate 
at concentrations of 1000 to 2500 ppm. Cherry et al. (3) induced male 
sterility in corn with potassium gibberallate at concentrations of 100 and 
200 ppm sprayed on the leaves at weekly intervals. There were inhibi-
tion of plant growth and sterility in barley plants sprayed weekly with 
250 u.g of gibberellic acid per plant by Paleg and Aspinall (26). From 
treatment of barley seeds (after vernalization) for 20 minutes in a 500 
ppm potassium gibberellate solution and spraying of resultant plants 
every third day from 10 to 70 days after planting, James and Lund (15) 
found failure of seed set due to lack of pollen. Yermanos and Knowles 
(36) reported gibberellic acid applied as a foliar spray caused varying 
degrees of sterility in safflower plants. 
MATERIAL AND METHODS 
Data from preliminary experiments of treating oat plants with MH as 
the diethanolamine salt, gibberellic acid (GA) as potassium gibbere115.te 
and hot water were used for selecting treatment combinations for our 
study. Variables in chemical treatments were concentrations and num-
bers of applications and for hot water treatments, variables were dura-
tion of treatment and temperatures. Stage of plant growth was a variable 
in both chemical and hot water experiments. 
The plant materials used were the isogenic oat strains, CI.75553 and 
Clintland 60 (Avena sativa) . Plantings were made in the greenhouse 
every third week from mid-February until late March, 1961. Four pri-
mary seeds were planted in a 4-inch pot, and at the 2-leaf stage, the 
seedlings were thinned to 2 per pot. CI 7555 and Clintland 60 which car-
ried the "A" and "a" genes for resistance and susceptibility, respectively, 
3 
(Clintland8 x RL 2105) x (Clintland7 x RL 2105). 
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to race 7A of oat stem rust (Puccinia graminis avenae) were used as 
male and female parents. Hybrid and selfed seedlings were separated 
by their reactions to stem rust race 7A. 
Several checks were used in the experiments: (a) two unemasculated 
panicles were bagged with male panicles, (b) on 1 panicle, 6 to 8 of the 
uppermost primary florets were hand emasculated and pollinated, (c) 6 to 
8 of the uppermost primary florets on 1 unemasculated panicle were hand 
pollinated, (d) one panicle was bagged, (e) one panicle was not bagged and 
(f) two panicles, on which 8 to 10 primary florets were hand emasculated, 
were bagged with the male parent. Hereinafter, these check treatments 
will be referred to as check 1 to 6, respectively. 
Hot Water Experiment 
Treatment combinations involving different temperatures, immersion 
intervals and stages of plant growth (Table 1) used to test emasculatory 
potential of hot water were always performed during mid-morning. To 
give precise control of the water temperature we used a double boiler 
device, heated with an electric hot plate, which gave precise tempera-
ture control. When the water reached the proper temperature, oat 
plants or panicles of Clintland 60 were immersed into it for a prescribed 
time interval. 
Table 1. Treatment combinations used for hot water emasculation 
experiment. 
Treatment 





1 Early boot 45 5 
2 Late boot 45 5 
3 Early boot 46 1 
4 Early boot 46 3 
5 Early boot 46 5 
6 Late boot 46 1 
7 Late boot 46 3 
8 Late boot 46 5 
9 Early boot 47 1 
10 Early boot 47 2 
1 1 Early boot 47 3 
lZ Late boot 47 1 
13 Late boot 47 Z 
14 Late boot 47 3 
15 Early boot 48 1 
16 Early boot 48 2 
17 Late boot 48 1 
18 Late boot 48 2 
19 Check 1 to 6 
Four female plants (Z pots) were subjected to a treatment, after which 
2 of the panicles were bagged with a male (CI 7555) panicle. Female and 
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male panicles, with the male panicle situated above the female, were 
placed together in an "eartector" parchment bag with open ends and held 
in place by a bamboo cane. Each day soon after anthesis, the bag was 
shaken vigorously to disperse pollen. On a third treated panicle, 6 to 8 
of the uppermost primary florets were hand pollinated, and the fourth 
female panicle received no artificial pollination. 
Our experiment was arranged in a split-plot design with 4 replicates, 
in which hot water treatment and pollination methods were the whole and 
subplots, respectively. Sixteen Clintland 60 panicles were required for 
each treatment. Planting, hot water treatment, bagging and hand polli-
nating were done on a replicate basis with 1 replicate being completed 
iri 1 day. 
When mature, the female panicles were harvested individually, and 
each one that was not hand pollinated was divided into upper, middle and 
lower thirds for analysis. The hand pollinated or hand emasculated 
spikelets and the remainder of the panicle were harvested separately. 
Later, panicle portions were threshed, and data taken were (a) number 
of primary and secondary florets and (b) number of sterile primary and 
secondary florets. The seeds were stored for later use. 
Chemical Gametocides 
For the chemical gametocide studies, Clintland 60 plants at several 
stages of growth were sprayed with various concentrations of aqueous 
solutions of MH, GA, calcium 2, 3-dichloroisobutyrate (FW-676) and 
magnesium 2, 3-dichloroisobutyrate (G315). The concentrations used 
are given in Tables 2 and 3. A wetting agent, Tween 20 (0. 02%), was 
added to each solution and plants were sprayed until leaf and stem sur-
faces were completely wet. All applications were made during the after-
noon. 
The experimental designs, number of replicates and other procedures 
for the chemical gametocide experiments were the same as used for the 
hot water experiment. 
Rust Inoculation 
Seeds from hot water and chemical gametocide treatments were plant-
ed in the greenhouse in flats filled with a mixture of sand and soil. 
Seventy hills, with 10 or less seeds were planted in each flat. When 
seedlings were in the 1-leaf stage, they were inoculated with spores of 
race 7A of oat stem rust, and readings of seedling reactions to the rust 
were made approximately 10 days later. Seedlings that showed no rust 
reaction at the first reading were reread 3 days later, and if reaction 
could not be determined at either date, the seedlings were reinoculated. 
Resistant seedlings represented crossed seeds since the stem rust A 
gene from CI 7555 (male parent) was dominant. 
RESULTS AND DISCUSSION 
We will discuss our results in 3 parts, (a) checks, (b) hot water treat-
ment, and (c) chemical gametocides. Throughout the paper a seedling 
resistant to stem rust is considered to be from hybrid origin. For the 
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Treatment combinations for MH and GA emasculation experi-
ments . 
Treatment 






(1) 4 to 5 leaf 0. 2 1 
(2) Early boot 0. 2 1 
(3) 4 to 5 leaf 0. 1 1 
(4) 6 to 7 leaf 0. 1 1 
(5) 4 to 5 leaf and early boot 0. 1 2 
(6) 6 to 7 leaf 0.05 1 
(7) 4 to 5 leaf and early boot 0.05 2 
( 8) Initial 4 to 5 leaf, 
weekly intervals 0.05 4 
(9) Initial 4 to 5 leaf, 
weekly intervals 0. 025 4 
(10) Check 1 to 6 
Table 3. Treatment combinations for FW-676 and G-315 emasculation 
experiments. 
Treatment 






(1) 4 to 5 leaf 2. 0 1 
(2) Early boot 2. 0 1 
(3) 4 to 5 leaf 1. 0 1 
(4) 4 to 5 leaf and early boot 1. 0 2 
(5) Early boot 1. 0 1 
(6) 6 to 7 leaf 0. 5 1 
(7) Initial 4 to 5 leaf, 
weekly intervals 0. 5 4 
(8) 6 to 7 leaf 0. 25 1 
(9) Initial 4 to 5 leaf, 
weekly intervals 0. 25 4 
(10) Check 1 to 6 
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Checks 
The same system of check treatments was used with all gametocide 
experiments. Check 1, which consisted of bagging 2 nontreated Clint-
land 60 and a CI 7555 panicle together, produced very few crossed seeds 
in any portion of female panicles (Table 4). The highest percentage of 
crosses (1. 2°jo) occurred in the secondary florets, -but for primary 
florets the highest value was 0. 5%. Even under favorable conditions, 
the percentage of natural crossing on unemasculated oat panicles was 
extremely small. 
Check 2 was the procedure commonly used to cross oats, i, e. , 8 to 
10 primary florets on a female panicle were hand emasculated and pol-
linated. Of 154 florets given this treatment, 71ojo set seed, and every 
seed was hybrid (Table 5). The high percentage of seed set was indica-
tive of good crossing technique and favorable environment. Most times 
the percentage seed set for this procedure was less than 50. 
For check 3, where unemasculated primary florets were hand polli-
nated during the early afternoon of the day they appeared ready to bloom, 
seed set was 88% (Table 6) compared to 99% for nontreated panicles. 
The 11°jo reduction probably resulted from manipulation of florets during 
hand pollination. Of the seed set in the third check, 55% were crosses, 
which showed many stigmas were receptive before anthesis, This is an 
intriguing technique since it requires no emasculation, but the male 
parent must carry an early detectable dominant gene so hybrid and 
selfed seedlings can be separated. Such would be the case with back-
crossing where a hybrid plant which carried a dominant gene for resis-
tant-reaction to rust was used as the pollen parent and the recurrent 
susceptible parent was used as the female. 
Putting parchment bags (check 4) over unemasculated panicles de-
creased the fertility only 1% (from 91 to 90%), so bagging had little in-
fluence on seed setting. 
When panicles with hand emasculated primary florets were bagged 
with male panicles (check 6), the seed set was 7% (Table 7). Either the 
distribution of pollen in the bag was poor, or the emasculated florets 
failed to expose the stigmas. Manipulation during hand emasculation may 
have interfered with the normal opening of the florets. All seed from 
check 6 were hybrids. 
Hot Water Emasculation 
All hot water treatments reduced seed set on the oat panicles (Table 
8). Treatments 5, 11 and 14 sterilized all florets and treatments 8, 16 
and 18 sterilized nearly all of them. Treatments 5, 8 and 11 prevented 
complete extrusion of the oat panicles. All of these treatments involved 
either high temperatures (47° or 48°) or long immersion intervals (2 to 
5 min.). 
Half of the panicles treated with hot water were bagged with male 
panicles, resulting in an erratic distribution of crossed seeds on the 
upper two-thirds of the oat panicles and none at all in the lower section. 
The numbers of hybrid seed from the upper and midpanicle sections 
generally were increased as compared with check 1 (5.9 and 4, 1% vs. 
0.9 and 0. 3%, respectively). The overall percentage of resistant seed-
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Table 4. Percentages of hybrid primary and secondary seeds from two 
sections=r of unemasculated oat panicles bagged with male 




Primary Secondary Primary Secondary 
Hot water 1. 2 0. 6 0. 0 0. 6 
GA 0.0 1.8 0.0 1.5 
FW 676 0.0 0.0 0.0 1.5 
G 315 0. 0 2. 3 0. 8 1. 0 
Total 0. 5 1. 2 0. 2 1. 0 
*No hybrid seed was set on the lower third of the panicles. 
Table 5. Percentage of seed set and hybrid seeds from hand pollination 







Hot water 73 100 
GA 66 100 
FW 676 70 100 
G 315 71 100 
Total 71 100 
Table 6. Percentages of seed set and hybrid seeds from hand pollina-
tion of unemasculated primary florets on the upper third of 






Hot water 90 58 
GA 9 3 5 9 
FW 676 79 52 
G 315 89 48 
Total 88 55 
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Table 7. Percentages of seed set and hybrid seeds from hand emascu-







Hot water 6 100 
GA 8 10 0 
FW 676 7 100 
G 315 3 100 
Total 6 100 
lings from secondary seeds (7.9) was higher than from primary seeds 
(3. 0) in the treated material, whereas there was no difference between 
the percentage of hybrid primary and secondary seeds in check 1. 
Averaged across all hot water treatments, the percentage of crossed 
seed was 4. 0 for plants treated at early boot and 5. 1 when treated at the 
late boot stage. The results were erratic for different panicle sections, 
but no percentage of crossed seeds exceeded 8. 5. Overall, the percen-
tage of hybrids among secondary seeds was 2.5 times greater than 
among primary seeds. 
The pistillate portion of the oat flower appeared more tolerant to 
temperatures of 45° to 48° C than was the male. Treatment of oat pani-
cles with various hot water regimes followed by bagging them with male 
panicles gave a 5 to 10-fold increase in percentage of hybrid seeds, but 
their distribution on treated panicles was unpredictable. Many factors 
may have contributed to this, e. g. , differences in panicle development 
from plant to plant, failure of some treated florets to open, lack of 
functional male pollen, etc. The number and percentage of hybrid seeds 
obtained from bagging female and male panicles together after hot water 
emasculation were disappointingly low. 
A definitive test of the differential tolerance of male and female por-
tions of the florets was obtained by hand pollinating florets on treated 
panicles so that pollen was not limiting. A treatment that produced dif-
ferential killing of the male and female floret portions would be one that 
gave a combination of low percentage seed set without hand pollination 
but a high percentage of seed set and of hybrid seeds with hand pollina-
tion. This combination was given by treatments 1, 4 and 10, each of 
which produced less than 16% seed set with no pollination, and over 30% 
seed set with hand pollination of which over 90% were hybrid (Table 9). 
Treatments 5, 8 and 11, and 18 appeared to sterilize both male and 
female tissues. 
Within a given treatment combination of stage of growth and water 
temperature, the percentage seed set decreased and the percentage of 
hybrid seeds increased as the time interval of treatment was lengthened 
(except for treatments 5 and 8). Stage of plant growth at treatment had 
no influence on percentage of hybrid seeds. At early and late boot, 
there were 69 and 84% hybrid seeds, respectively, on hand pollinated 
panicles and 49 and 38% on nonpollinated panicles, respectively. 
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Table 8. Percentages of hybrid primary and secondary seeds on the 
upper two-thirds of oat panicles treated with hot water and 














1 55 3. 6 28 14. 3 
2 49 4. 1 33 39 , 4 
3 231 0.9 165 2.4 
4 19 10.5 17 17. 6 
5 0 0.0 0 0.0 
6 257 2.3 260 2.7 
7 69 7. 2 61 8. 2 
8 2 0. 0 0 0. 0 
9 211 1. 4 199 7. 5 
10 67 4. 5 48 10. 4 
11 0 0. 0 0 0. 0 
12 201 2. 5 157 6. 4 
13 35 5. 7 18 33. 3 
14 0 0. 0 0 0. 0 
15 215 3. 3 172 6. 4 
16 9 0. 0 1 0. 0 
17 167 4.2 145 13.8 
18 8 25.0 3 0. 0 
Check 1 360 0.6 332 0.6 
Total of 
treatments 1595 3.0 1307 7.9 
When treated panicles were bagged with male panicles, no temperature 
and time interval regime gave a combination of both high seed set and 
high percentage crossed seeds. For a few treatments the percentage of 
crossed seed was high, b~:t this was generally associated with a low per-
centage of total seeds. Therefore, as compared with check 1, these 
treatments would be impractical in a crossing program. Failure of hot 
water treatments to selectively emasculate, failure of florets to open 
and poor distribution of pollen from male panicles were factory that 
could have significantly influenced the percentage of crossed seeds. 
Several of the hot-water treatment combinations could be used before 
hand pollination if the crosser would tolerate some selfed seeds. Treat-
ment 4 (46° C for 3 min, at early boot) was the best one for emasculating 
the florets without destroying the female portions. In some crop species 
where flower parts are so minute that hand emasculation is impractical, 
the hot water emasculation technique has been very useful, but for oats 
even the best treatment was not satisfactory as compared with the con-
ventional methods of hybridization. 
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Table 9. Percentages of seed set and hybrid seeds from hand pollination 
and nonpollinated primary florets on the upper third of oat 
panicles given different hot water treatments. 
Treatment 
number 







1 64.3 93.3 15.8 
2 54.3 73.7 30. 1 
3 93.8 63.0 90.0 
4 31.3 100.0 6. 7 
5 0.0 -- 0.0 
6 84.4 53.8 82.2 
7 37.5 91.0 31.0 
8 0.0 -- 0.0 
9 8 6. 1 58.6 100. 0 
10 39. 1 88.9 1.7 
11 3. 6 100.0 0. 0 
12 83.3 65.2 95.3 
13 34.4 60.0 9.7 
14 12.5 100.0 0. 0 
15 90.3 55. 6 78. 2 
16 33.3 66. 7 2. 2 
17 75.8 68. 2 71.0 
18 6. 7 100. 0 0. 0 
Check 2 72.7 100.0 
Check 3 90.0 57.7 
Check 5 98.8 
Chemical Gametocides 
Malefic hydrazide. All the MH treatments killed the oat plants of in-
hibited plant growth so that heading did not occur, Even with treatment 
Z (0. 2°jn concentration with 1 application at early boot stage) in which the 
panicles appeared normal but did not emerge from the boot, no seeds 
were set after hand pollination. 
Gibberellic acid. Treatment of oat plants with GA caused excessive 
elongation of the internodes, hastened heading, delayed blooming and 
inhibited secondary floret development. 
In all instances, total seed set was reduced by the GA treatment 
(Table 10). In any GA treatment where crossed seeds were obtained by 
bagging male and female panicles together, the number of hybrid seeds 
was never appreciably greater than the check. 
There was a reduction in percentage of seed set on the GA treated 
panicles that received no hand pollination (Table 11). For treatments 4, 
8 and 9 the percentages of seed set were 0. 0, 0.0 and 1.9, respectively, 
and for hand pollinated florets, 48, 50 and 61, respectively, which 
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Table 10. Percentages of hybrid seeds from oat panicles treated with 







1 68 1. 5 
2 141 2. 8 
3 231 0. 0 
4 43 0. 0 
5 290 0. 0 
6 77 0.0 
7 287 0. 3 
8 4 0. 0 
9 16 0.0 
Check 1 479 0. 6 
Table 11. Percentages of seed set and hybrid seeds from hand pollinated 
and nonpollinated primary florets on the upper third of oat 
panicles treated with GA. 
Treatment 
number 







1 62.2 87. 0 22. 0 
2 60.7 41. 2 39. 5 
3 87.9 65. 5 46. 0 
4 47.5 100. 0 0. 0 
5 88.2 76. 7 46. 0 
6 41.2 100. 0 23. 4 
7 58.8 70. 0 86. 3 
8 50.0 100. 0 0. 0 
9 61. 1 100. 0 1.9 
Check 1 65.6 100.0 
Check 3 9 3. 3 59. 3 
Check 5 100. 0 
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showed that when used in the proper treatment combination, GA did act 
as a male gametocide. To decide which of the three GA treatments, 
i, e. , 4, 8 or 9, would be most useful in a routine breeding program, 2 
factors must be considered: (a) which treatment had the most effective 
selective gametocidal properties, i, e. , sterilized the male portions 
completely but did not injure the female portions, and (b) which treat-
ment was mechanically feasible. Treatment 9 (4 applications with 
0.025% concentration) would be eliminated since it allowed the setting 
of an occasional selfed seed without hand pollination. Treatment 4 (1 
application with 0. 1% concentration at the 6 to 7 -leaf stage) did not re-
quire repeated application, but panicles receiving it did set a sizable 
number of selfed seeds in 1 portion of the experiment. Even though 
treatment 8 (4 applications with 0.05% concentration) required repeated 
application of GA, it would probably be the most desirable treatment 
regime. On panicles receiving treatment 8, only 3 selfed seeds were 
set (compared with 479 on the check) in one experiment and none was 
set in a second, and yet with hand pollination 48% seed set was obtained, 
and all seeds were hybrids. 
Even though one of the GA treatments might be useful as a male 
gametocide on oats, it probably could not be used practically because 
the GA causes the plants to be monstrosities. Many of the GA treated 
plants grew to heights of 8 to g ft, compared with ~ to 4 ft. for the check. 
FW 676. Treatments 1, 3, 4, 7 and 9 with FW-676 were phytotoxic to 
oat plants. Considering the means of all treatments, a higher percen-
tage of hybrid seeds was obtained from FW-676 treated panicles than 
from check 1 when both were bagged with male panicles (Table 12). For 
the whole panicles the percentages of hybrid seeds were zero and 0.7 
for primary florets on the check and FW-676 treatments, respectively, 
and for secondary florets the percentages were 0. 6 and 6. 0, respectively. 
The distribution of the hybrid seeds on the panicles was erratic. 
In general, FW-676 was not an effective selective gametocide. All of 
the FW-676 treatments, except 3, produced some selfed seeds when left 
without hand pollination, and when hand pollination was used, there was 
always selfed seed set. The percentage of hybrid seeds for any FW-676 
treatment was not materially better than check 3. Considering the phyto-
toxicity of FW-676 and its ineffectiveness as a selective male gameto-
cide, it has no value as a gametocide for oats. 
G-315. The mean percentages of hybrid seed from primary and 
secondary seeds (2.4 and 5. 4 respectively) produced on panicles treated 
with G-315 and bagged with male panicles were higher than comparable 
values (0.7 and 1. 6, respectively) for check 1 (Table 13). Treatments 
1, 3, 4, 6, 7 and 9 killed the oat plants or inhibited plant growth severely. 
These treatments consisted of applying G- 315 at high concentrations at 
an early stage of plant growth or with repeated treatment. G- 315 was 
not a good selective male gametocide. Without hand pollination the 
treated panicles produced 90. 0% or more selfed seeds, and even with 
hand pollination the percentage of hybrid seeds was never as high as that 
for check 3, i. e. , nonemasculated but hand pollinated. 
In the experiments with G-315, MH and FW-676, Tween 20 was used 
as a wetting agent to cause a uniform spreading of the solution over the 
oat plant foliage. The Tween 20 was not phytotoxic when used alone in 
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Table 1Z. Percentages of hybrid primary and secondary seeds from oat 











6 0. 0 14. 8 
8 0.9 9. 1 
Check 1' 0.0 0. 6 
Total of treatments 0. 7 6. 0 
Table 13. Percentages of hybrid primary and secondary seeds from oat 











6 0. 0 6. 1 
8 5. 1 3. 5 
Check 1 0. 7 1. 6 
Total of treatments 2. 4 5. 4 
the field experiment, but it could have contributed to the phytotoxicity 
displayed by some chemical treatments by increasing absorption of the 
chemicals into the foliage. The scope of our study did not allow investi-
gation of such a possible interaction. 
The use of chemically induced male sterility will undoubtedly be an 
important tool in future plant breeding research because such an emas-
culation technique would simplify hybridization in many crop species. 
However, in this study, MH, FW-676 and G-315 were either impractical 
or of no value as male gametocides for oats, and GA, although function-
ing as a male gametocide, produced such distorted plant growth that its 
use was not feasible. 
SUMMARY 
Two isogenic strains of oats, CI 7555 (male parent) and Clintland 60 
(female parent), were used to evaluate hot water, malefic hydrazide, 
gibberellic acid, calcium 2, 3-dichloroisobutyrate (FW-676) and magne-
sium 2, 3-dichloroisobutyrate (G-315) as male gametocides for oats. 
After the various gametocide treatments, the amount of natural crossing 
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from bagging male and female panicles together and hand pollination of 
treated panicles was determined. 
When panicles treated with hot water were bagged with male panicles, 
no combination of temperature and immersion intervals applied at either 
early or late boot stages of growth produced a combination of high seed 
set and high percentage of hybrid seed. If hybrid and self seeds could 
be distinguished easily, treatment 4 (46°C for 3 minutes at early boot) 
would be the best one for emasculating the florets without harming the 
female parts. But even this treatment was not very satisfactory when 
compared with conventional methods of hybridization. 
Malefic hydrazide killed the oat plants or inhibited plant growth so 
that heading did not occur. Of the gibberellic acid treatments, treat-
ment 8 (0.05°jo concentration, 4 applications, initiated at the 4- to 5-leaf 
stage and continued at weekly intervals) was most effective as a selec-
tive male gametocide in oats. The percentage of hybrid seed from the 
treated panicles bagged with male panicles was very low, but with hand 
pollination, the percentage of hybrid seed set was over 50. The gibber-
ellic acid treatments, however, caused excessive elongation of inter -
nodes and reduced spikelet size. FW-676 and G-315 were ineffective as 
male gametocides and were phytotoxic. 
Bagging hot water or chemically treated panicles with male panicles 
yielded a low percentage of crossed seed (generally less than 5%), and 
so the bagging procedure would not be useful for oat crossing. 
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AGE AND GROWTH OF WHITE BA5S FROM POOL 19 
OF THE MISSISSIPPI RIVER1
Douglas W. PelrenZ
ABSTRACT. A study of the age and growth was made of 
106 white bass, Morone  chrysops  (Rafinesque), col-
lected from Pool 19 of the Mississippi River during 
1966 and 1967. Log W= -5.036 + 3.063 Log L, where 
W = weight in g and L = total length in mm. A t -test 
indicated that the slope did not differ from 3.00 at the 
9 5% confidence level. Coefficients of condition, k, 
were lower in December 1966 than in the summer and 
were higher in 1966 than 1967. Coefficients of condi-
tion did not vary with size classes. The body -scale 
relationship gave an intercept value of 37. 6 mm, which 
was used when calculating length at each annulus. Only 
19 of the 106 white bass had two or more annuli. Growth 
was slow compared with published data on other waters. 
INTRODUCTION 
In 1966, the Iowa Cooperative Fishery Unit began to evaluate the ef-
fects of a proposed dredging operation in the Fort Madison harbor on the 
Mississippi River. The operation may destroy or alter food organisms 
of the waterfowl and fish. During this study data on the white bass, 
Morone chrysops (Rafinesque), were collected. 
METHODS AND MATERIALS 
Trawls, experimental gill nets, an electric shocker, and seines were 
used by David Jude and Richard Ranthum to collect fish from May to 
December, 1966 and 1967. Scales from 106 white bass were taken pos-
terior to the pectoral fin and ventral to the lateral line. Total length, the 
distance from the anterior tip of the snout to the posterior margin of the 
caudal fin when the dorsal and ventral portions are squeezed together, 
was measured in inches but converted to millimeters. Weights were 
r  
Journal Paper No. J-6342 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1373, with the coopera-
tion of the Iowa Cooperative Fishery Unit, sponsored by the Iowa State 
Conservation Commission, Iowa State University of Science and Tech-
nology and the Bureau of Sport Fisheries and Wildlife, U. 5. Fish and 
Wildlife Service. 
a Graduate student, Iowa Cooperative Fishery Unit, Department of Zool-
ogy and Entomology, Iowa State University, on educational leave from 
Tennessee Game and Fish Commission. 
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recorded in grams. Plastic impressions of the scales were made, and 
their images were marked on paper strips. A projector, similar to that 
described by Van Oosten, Deason and Jobes (1934), was used with a 40X 
magnification. Nomography (Carlander and Smith 1944) were used to 
determine the calculated lengths at each annulus. The body-scale re-
lationship provided a value that was used as the origin point on the nomo-
graph. 
The scales were read twice without referring to the measurements of 
the fish to prevent bias. There was disagreement after the third read-
ing of 16 of the fish over one year old. Lengths of these fish were com-
pared to help solve the problem of false and indefinite annuli. 
Seriation tables (Carlander 1968) were used in analyzing the length-
weight and body-scale relationships. 
Length-Weight Relationship and Coefficients of Condition 
The length-weight relationship of the 106 white bass (Fig. 1) was de-
scribed by the equation: 
Log W = - 5.036 + 3.063 Log L 
where W equals weight in grams and L equals total length in millimeters. 
Since the slope, 3. 063, is slightly greater than isometric growth, 3. 00, 
it suggests that longer fish were in slightly better condition than the 
shorter ones; but a t-test revealed no significant difference between 3. 0 
and 3. 063 at the 9 5% confidence level. 
The coefficients of condition, represented by: 
K W 
( 105 ) 
were calculated for the fish collected each month (Table 1). Although the 
samples were too small for definite interpretation, conditions were poor-
er in December than in the summer and were better in 1966 than in 1967. 
Body-Scale Relationship 
The body-scale relationship can be described by the equation: 
Y = 37.6 mm + 1. 35X 
where Y equals the calculated length and X equals the scale radius (X40). 
In calculating the length at each aruzulus 38 mm was used as the origin 
point on the nomograph. 
Age and Growth 
Only 19 of the 106 white bass had two or more annuli (Table 2). There 
was considerable variation in the growth of some of the fish. Two fish in 
age II were over 300 mm long, but seven in ages III and IV were 249 to 
285 mm long (Table 3). The oldest fish was age V. Little growth had 
occurred by the I~Iay collection, but growth continued through the sum-
mer (Table 4). 
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Figure 1. Length-weight relationship of white bass from Pool 19, Mis-
sissippi River, 1966-67. The line represents the formula, 
Log W = -5.036 + 3.063 Log L. 
Growth data have been recorded for white bass from three other areas 
of the upper Mississippi River (Fig. 2): 120 fish collected in 1944 from 
the Illinois Missouri waters (Upper Mississippi River Conservation Com-
mittee, 1946, p. 20), 11 fish collected in 1948 and 1949 in a backwaters 
area of Pool 5A near Fountain City, Wisconsin (Christenson and Smith 
1965, p. 38), and 83 white bass taken from Lake Pepin in October 1965 
(Upper Mississippi River Conservation Committee, 1967, p. 31). The 
growth in Pool 19 was slower than in these other areas. At the first 
annulus the length was very similar to that reported for Lake Pepin and 
Pool 5A, but by the second annulus the Pool 19 white bass were smaller. 
The single age V white bass was as large as the single Lake Pepin fish 
collected at the end of the fifth growing season. The Pool 19 fish were 
also rather slow growing compared with the growth in other waters 
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Figure 2. Average calculated lengths at each annulus of white bass from 
four areas of the Mississippi River. The vertical lines indi-
cate the range of average calculated lengths from 13 lakes 
and streams summarized in Carlander (1953). 
summarized by Carlander (1953). The reason for slower than average 
growth is not known. 
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AUDIENCE ANALYSIS OF AUNIVERSITY-SPONSORED 
AGRICULTURAL MAGAZINE1
John A. Wallize, Jr, z 
ABSTRACT. A 3 -part random mail survey of readers of 
Iowa Farm Science, an Iowa State University periodi-
cal, was conducted to determine socioeconomic char-
acteristics of the audience; the suitability of editorial 
material to the audience; the effect of longer and more 
complex articles upon readership; and to obtain re-
action to changes in the publication designed to make 
it more suitable to reading habits. 
Iowa Farm Science subscribers were significantly 
different from average farmers in the state. They had 
higher gross farm sales, operated larger farms, had 
more education, and were somewhat younger than the 
average of Iowa farmers. 
The survey also indicated that farmers will read 
longer and more complex articles than the usual 1800 
to 4000 -word articles (requiring about 12 years of 
formal education for easy comprehension) that appear 
in the magazine. 
Subscribers preferred the regular magazine to a 
4 -page experimental newsletter published during the 
summer months when work loads were at their peak and 
farmers had little reading time available. 
INTRODUCTION 
Iowa Farm Science is a monthly magazine published jointly by the 
Cooperative extension service and Agriculture and Home Economics 
Experiment Station of Iowa State University. Its purpose is to report in 
popular form the results, progress, and applications of farm and home 
research; to support extension educational programs through interpre-
tive and factual articles; and to present other useful and interesting in-
formation to its readers. The magazine forms a direct link between the 
College of Agriculture and Iowa farm, rural, and urban families. 
.IowaFarm Science is one of the oldest Agricultural Collegemagazines 
in the nation. Predecessors of the magazine were published as early as 
1  Journal Paper No. J-6453 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 102. (Part of this paper 
is based on an M. S. thesis submitted by the author to Colorado State 
University, Fort Collins. 1968. ) 
a Assistant Extension Editor and Managing Editor of Iowa Farm Science, 
Iowa State University, Ames. 
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1923, though the magazine has carried its current title only since 1946. 
It is offered free to any Iowa resident who requests it, Circulation at 
the time of the study was approximately 16, 700. 
In recent years, the magazine has been edited primarily for the 
above-average farmer. It has been edited as asemi-technical publica-
tion and has moved away from the "how-to-do-it" publication. The latter 
type publication is readily and economically available from commercial 
sources, Iowa Farm Science is published to provide something above 
the mass-circulation publications for the reader who needs and wants 
more theory or detail. 
Knowledge of the audience of mass media is vital if a publication is to 
be effective, says Schramm (1964). In its early days of publication, the 
Iowa Farm Science audience was analyzed a number of times. The more 
recent studies include Read (1941), Empey (1950), and Drake (1951). 
The most recent study conducted about 9 years ago was not recorded. 
METHODS 
Purposes of the study were to define socioeconomic characteristics of 
the audience of Iowa Farm Science; to determine suitability of editorial 
material to the audience; to test readership of in-depth and more com-
plex articles needed to illustrate the more complex problems of modern 
agriculture; and to obtain reaction to changes in the publication designed 
to make it more useful. 
To accomplish these objectives, 3 readership surveys were conducted 
by mail. The first, made on the March 1967 issue of the magazine, was 
designed to obtain socioeconomic data on the audience, measure suita-
bility of articles to the readers, measure readership and serve as a 
"bench mark," or control. 
The second survey was made on a special issue of the magazine, 
published in July 1967, which contained an in-depth article of about 7500 
words on one topic and another article judged more complex or technical 
on the basis of the Fog Index described by Gunning (1952). The second 
questionnaire also requested socioeconomic data on the subscriber, 
measured readership and sought reader's desires on such factors as 
frequency of publication. 
The in-depth article concerned swine in confinement and was divided 
into 7 sections dealing with various aspects of the system. The technical 
article (Rate of Deterioration of Shelled Corn) scored 15. 2 on the Fog 
Index, indicating 15. 2 years of formal education were required for easy 
understanding. The magazine's articles usually run about 1800 to 4000 
words and score about 12 on the Fog Index. 
The sample for the first 2 questionnaires was every 10th name on the 
list of Iowa subscribers. A total of 1511 names was obtained and ran-
domly divided into two groups, one for the March survey, and one for 
the July survey. Articles in the magazine were used to encourage re-
sponse to the questionnaire, but no .direct follow-up to those in the first 
two samples was made after the initial questionnaires were mailed. 
The third questionnaire was mailed in August of 1968 *o a random 
sample of 171 names drawn from the magazine's mailing list. Two 
follow-up letters, the second with another copy of the questionnaire, were 
sent to those who did not respond to earlier mailings. This questionnaire 
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was designed to obtain readership and acceptance of an experimental 
newsletter published in July and August in place of the regular magazine. 
On the March sample, 487 usable questionnaires were returned, or 
64. 4% of the 755 mailed. From the July mailing, 410 usable question-
naires were received, a return of 54. 2°jo of the 756 mailed, Returns of 
the July questionnaire were noticeable slower than the ones in March, 
The slower and lower rate of return was attributed to the increased work 
load of farmers in July, Questionnaires were returned by 159 sub-
scribers, or 92.9% of the August sample, 
RESULTS 
Audience
Farmers make up the bulk of the Iowa Farm Science subscribers. 
About 70% of them are active farmers, and an additional 12%are either 
retired farmers, part-time farmers, or nonoperating farm owners 
(Table 1), Making up the next largest group of subscribers are those 
persons providing farm services. The remainder of the readers were 
business and professional persons, students, salesmen, retired persons, 
and housewives. 
Table 1. Occupation of respondents in Iowa Farm Science readership 
surveys, 19 67 . 
Occupation 
March Survey July Survey 
No. Pct. No. Pct. 
Farmers 343 70.5 282 68.8 
Retired farmers 21 4.3 19 4.7 
Part-time farmers 36 7.4 23 b.6 
Farm owners (non-
operators) 7 1.4 9 2.2 
Subtotal 407 83.6 333 81.3 
Farm service people 47 9.7 34 8.3 
Business and professional  13 2.7 16 3.9 
Students 4 0.8 3 0.7 
Sales (type not given) 7 1.4 3 0.7 
Blue collar workers 3 0.6 10 2.4 
Retired persons 3 0.6 5 1.2 
Housewives 1 0.2 6 1.5 
Not specified 2 0.4 - ---
Subtotal 80 16.4 77 18.7 
TOTAL 487 100.0 410 100.0 
Average education of all readers was 12. 3 years, compared with 11. 3 
years for all Iowa peoples in the 1960 census. The average number of 
years of education for farm subscribers was 11.98 years, compared 
with 10.5 for rural farm people in the 1960 Iowa census (Table 2), 
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Table 2. Education of Iowa Farm Science readers, March 1967, compared with average 
in the state.l
Years of All Non- Farmers 
schooling replies farmers Farmers Farmers in state 
(no.) (no.) (no.) (no.) (pct.) (pct.)2
0-4 3 0 3 0.8 0.8 
5-7 5 2 3 0.8 5.4 
8 52 7 45 11.4 34.4 
9-11 35 3 32 8.1 12.8 
12 227 18 209 53.1 38.4 
13-15 74 16 58 14.7 5.4 
16 or more 86 42 44 11.1 2.8 




Based on March 1967 survey 
Calculated from figures of U.S. Bureau of Census, 1964 Census of Agriculture, 
Preliminary Report for Iowa. 
For comparison, median school years completed by urban persons 25 years old 
and over in 1960 U.S. Census in Iowa was 11.9 years; for all persons in state 
11.3 years; for rural nonfarm persons 10.3 years; and rural farm people 10.5 
years. Averages for survey groups were calculated by using midpoints of grouped 
data. 
Gross farm sales of respondents exceeded the state average reported 
by the U.S. Bureau of Census (Fig. 1). Achi-square analysis indicated 
the difference was highly significant at the 0.005 level. Average farm 
size of respondents was 355 acres (using midpoints of grouped data), 
compared to a 214-acre average in the 1964 Census of Agriculture and 
an estimated 230 acres in 1968 (Fig. 2). Chi-square analysis showed the 
difference in acreage between respondents and that of the 1964 Census of 
Agriculture was highly significant at the 0.005 level. 
Iowa Farm Science farm subscribers appear to be slightly younger 
than the average farmer in the state-46.4 years for magazine readers, 
compared with the 48.5-year average in the 1964 Farm Census (Table 3). 
Table 3. Ages of farm respondents in March 1967 Iowa Farm Science survey, 
Age group Number of respondents Percent 
Under 25 15 3.8 
25-34 51 12,g 
35-44 119 30.0 
45-54 105 26.4 
55-64 69 17.3 
65 or over 36 9.0 
No answer 3 0.7 
T6TAL 398 100.0 
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Major farm enterprises for Iowa Farm Science readers are corn, 
soybeans, swine, and beef (Table 4) . 
Table 4. Major farm enterprise of Iowa Farm Science farm readers, 1967. 




(March survey) (July survey)(March surveyj(July survey) 
Corn 360 287 91.6 86.0 
Soybeans 274 214 69.7 64.0 
Swine 264 220 67.1 66.0 
Beef 244 211 62.0 63.0 
Small Grains 98 56 24.9 16.7 
Dairy 66 41 16.7 12.4 
Poultry 54 29 13.7 8.7 
Sheep 36 25 9.2 7.5 
Vegetables 10 2.5 
Fruit 6 5 1.5 1.5 
Reader ship 
Most popular material in the magazine is the Farm Outlook pages. 
Eighty-seven percent of the readers of the March 1967 issue said they 
read all, and another 9% indicated they read part of the article. 
Average readership (read all) of all articles in the March issue was 
48. 1%. Readership (subscribers who indicated they read all the article) 
of articles on corn, soybeans, and hogs ranged from 60 to 75%, while 
other articles had 16 to 52% readership. 
Readership of articles in the two magazines surveyed is shown in 
Tables 5 and 6. Although the in-depth article on Swine in Confinement 
in the July issue was written as a single article in 7 parts, readership 
was measured on the 7 individual sections as though they were separate 
articles. Variation in readership between sections indicates that many 
readers also considered the sections as separate articles. Average 
readership of the 7-part article was 49.6% (read all), compared with 
48.4% for all articles in the July issue. 
Readership of the more technical article requiring 15. Z years of for-
mal education for easy understanding was 48.6% (read all), indicating 
that readership was equal to or greater than average. 
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FIRST MAGAZINE SURVEY 
-- SECOND MAGAZINE SURVEY 
  2-COUNTY SURVEY 
—o  1964 IOWA CENSUS 
i 
CLASS V- IV III I I I 
$ 50 10,000 20x000 40x000 
9,999 19,999 39,999 OR MORE 
GROSS FARM SALES 
Figure 1. Gross farm sales of Iowa Farm Science subscribers compared 
with average of Iowa (U. 5. Census Bureau 1964). (2-county 











FIRST MAGAZINE SURVEY 
--- SECOND MAGAZINE SURVEY 
  2-COUNTY SURVEY 
—o  1964 IOWA CENSUS 
LESS THAN 50- 100- 180- 260- 500- 1000 
49 99 179 259 499 999 OR MORE 
ACRES FARMED 
Figure Z. Size of farm of Iowa Farm Science subscribers compared 
with average of Iowa as reported in 1964 Census of Agricul-
ture. Acreage categories used iri 2-county survey by Kowal-
ski varied from those used in Census and in magazine surveys. 
Categories differing substantially from those in legend were 
101-150, and 500 and over. 
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Readership of the in-depth article was affected by interest. As one 
respondent noted, the Swine in Confinement articles were "iVot of inter-
est to a cattle feeder." When asked if they would Iike to have more in-
depth features in the magazine, 37% of the respondents said yes; -but 47% 
said "it depends on the topic." Three percent preferred no in-depth 
features and 5% had no preference. 
Other findings 
Farm respondents in the survey indicated that they take an average 
of 4. 5 farm publications, including Iowa Farm Science. 
To an open-ended question, most respondents indicated that they read 
the magazine to keep up-to-date on new methods and information. A 
number mentioned the honesty, lack of commercialization, and the 
authoritativeness of the magazine (Table 7). 
The average numbers of readers.per copy was 2. 12 for all respon-
dents and Z. 17 for farm subscribers. Forty-eight percent said they 
keep the magazine for a few months, 18% for a year; 13% keep it 2 to 3 
years and 5% keep it for 4 or more years. Eight and a half percent dis-
card the magazine after reading it. 
Table 7. Reasons given by respondents for reading Iowa Farm Science. 
(Only those reasons indicated by 10 or more respondents each 
are included.) 
Why Iowa Farm Science is read . No. 
indicating 
Keep up to date on new methods and information 
Just plain interesting 
Authoritative, honest, without commercialization 
"I like it" 
Easy and concise 
Interested in farming (retired or investments) 
Answers questions 
For Outlook 










When asked how frequently they would like to see in-depth articles 
appear in the magazine, 47% indicated quarterly, while about 12% each 
voted for monthly, bi-monthly and semi-annually. When asked how 
frequently they wanted to receive the magazine, however, 68% said 
monthly, 16. 6% quarterly, and 15.2% gave no answer. 
A number of respondents put comments on the questionnaires and in-
dicated that they wanted to receive the magazine monthly because of the 
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Farm Outlook material. The high readership of the outlook material 
also indicates that many readers want the magazine for this information. 
On length and understandability, more than 90% of the farmers said 
articles were about the right length, and more than 80% termed the 
articles clear and easy to understand. Eleven percent found the articles 
fairly hard to understand. 
Most subscribers evidently are long-time readers of the magazine. 
Forty-one percent of the farmers indicated thay had read the magazine 
for more than 10 years. The midpoint average years of readership for 
farmers was 8. 3 years. 
A newer feature in Iowa Farm Science has been the listing of new and 
timely publications available. The survey indicates that about 27% of 
the respondents read all the column and that 33% read some of it. To 
evaluate use of the column, readers were asked if they sent for any of 
the publications or intended to. Results are in Table 8. 
Table 8. Respondents' reaction to list of available publications. 
All replies Farmers only 
Sent for a publication listed 10.4% 9.1% 
Plan to send for a publication 16.6 17.3 
Did not send for publication 38.2 38.9 
Don't plan to send for publication 27.8 27.9 
CONCLUSIONS 
Iowa Farm Science circulates to an above-average group of farmers. 
Based on socioeconomic indicators, the sample audience includes a dis-
proportionate number of innovators and early adopters of farm practices, 
as compared with the normal population of farmers in the state. Four 
socioeconomic characteristics of innovators and early adopters tested in 
this study were in the direction specified in diffusion research summar-
ized by Beal and Bohlen (1962). Iowa Farm Science subscribers were 
significantly different from the average farmer in the state on such vari-
ables as gross farm sales, farm size, and education. And subscribers 
were somewhat younger than the average of Iowa farmers. 
It appears that subscribers will read longer in-depth articles if they 
are of interest and also that subscribers will read more technical mate-
rial than has been offered generally. 
The difference between readership in the March and July issues sug-
gests that some changes may be needed in the magazine format. Even 
with the highly read Farm Outlook material, the number of scanners 
(those who read only part of the article) doubled from March to July. The 
decline in readership, findings in another study, and the delayed response 
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on July questionnaires suggest that a brief newsletter of some type of 
publication designed for scanning might be more appropriate for the 
busy summer months. 
Evidence from the first two Iowa Farm Science readership surveys 
and the study done by Kowalski (1967) in Grundy and Hamilton counties 
indicates that the busy summer schedule of farmers interfere with their 
reading. 
Therefore, in the summer of 1968, Iowa Farm Science was published 
as a newsletter. To introduce the newsletter, the first issue was in-
cluded as an insert in the June 1968 magazine. A magazine article ex-
plained the purpose of the newsletter and that subscribers would receive 
only the newsletter during July and August. 
The summer newsletter was a 4-page self -mailer publication. It 
featured brief and timely advice on such items as crop development, 
insect and plant-disease situations, animal-health cautions, weather 
influences, and 2 pages of outlook information. 
The newsletter appeared to meet the needs of Iowa farmers. It pro-
vided the outlook information monthly that readers desired. It provided 
a brief letter that could be read quickly during the busy summer months. 
It would help insure that valuable feature articles did not get lost in the 
pile of magazines for later reading. 
In the third survey, most subscribers rated the newsletter as good or 
excellent (Table 9); most reported that they read all of the material 
(Table 10), but 58% indicated that they wanted the regular magazine the 
next summer, rather than the newsletter. Some 38% preferred the sum-
mer newsletter (Table 11). 
The newsletter appeared to meet a number of information needs of 
farmers; it was well read and received, but most preferred the maga-
zine format. 
Bias
Authorities on research methods caution of possible bias encountered 
with partial returns from mail questionnaires. Ordinarily, determining 
the degree of bias may be difficult. 
However, between the time of the March and July mail surveys, 
Robert E. Kowalski, assistant editor of the magazine, conducted another 
study in which all farm subscribers in two Iowa counties were interviewed. 
Comparison of socioeconomic data from the two mail questionnaires and 
that from the interviews of all farmers in the two Iowa counties indicates 
little or no bias from the partial returns. (Socioeconomic data from the 
Kowalski (1967) study are indicated on the two figures. ) 
Though the partial returns appear to have resulted in no bias in the 
socioeconomic data, readership figures may be inflated somewhat. It is 
reasonable to assume that those who failed to return questionnaires 
would more likely include those who had not read the issues surveyed. 
But decisions based on the possibly inflated figure would not likely be in 
error, considering that this type of magazine is aimed at the interested 
and responsive reader, 
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LEGUMES OF THE UNITED STATES: 
II. DESMANTHUS AND NEPTUNIA1' 
Duane IselyZ
ABSTRACT. This publication is one of a series prelim-
inary to a manual of U. S. legumes. Desmanthus  and 
Neptunia  occur in the United States largely in Texas 
and on the southern coastal plain; one species (Desman-
thus  illinoensis)  extends north into the central plains. 
Taxa recognized: 18, including 13 species. Treatment 
procedure is largely alpha -taxonomy; nomenclature is 
reviewed and Desmanthus  velutinus  var, acuminatus 
(Benth.) Isely proposed. 
The objectives and format of these publications have been presented 
elsewhere (Isely 1969). 
Both Desmanthus and Neptunia have been subject to revisionary efforts 
during the last 20 years (Turner 1950a, 1950b, 1950c, 1951; Windler 1966). 
This report, then, possibly contains fewer modifications of current or 
traditional concepts than a recent submission on native Acacia (Isely 
1969). 
For this entry I have used all U. 5. mimosoid material from the fol-
lowing herbaria: New York Botanical Garden (NY), Iowa State University 
(I5C), University of Texas (TEX), New Mexico State University (NMC), 
University of Arizona (ARIZ), University of Southwestern Louisiana 
(LAF), Mississippi State University (MISSA), Florida State University 
(FSU), and University of South Florida (USF). Selected materials and~or 
types have been studied courtesy of the following: Southern Methodist 
University (SMU), Gray Herbarium (GH), Missouri Botanical Garden 
(MBG), Lundell Herbarium (LL), U. S. National Museum (US), and the 
Philadelphia Academy of Natural Sciences (PH). My thanks to these in-
stitutions and to the herbarium curators. 
D e s manthu s 
Unarmed, often trailing perennial herbs or shrubs. Leaves twice 
pinnately compound with few to numerous leaflets and pinnae; rachis or 
petiolar glands) present, usually between or contiguous to lowermost 
pinnae, sometimes also between some other pinnae. Stipules subulate to 
I Journal Paper No. J-6406 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project 1814. The facilities of the 
Iowa State Herbarium supported by the Science and Humanities Research 
Institute were used in the preparation of this paper. This research is 
funded by the National Science Foundation, Grant GB-7342. 
z Professor of Botany, Iowa State University, Ames, Iowa. 
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acicular, usually persistent. Flowers capitate; the heads pedunculate, 
axillary and solitary, often small and inconspicuous. Flowers few (5) 
to numerous in each head, greenish-white, white to pinkish, perfect, or 
lowermost neuter with inconspicuous staminodea. Calyx. campanulate 
to short-cylindric, lobes shorter than tube. Petals becoming separate, 
often appearing initially connate to the middle. Stamens 5 or 10, sepa-
rate, Legume linear or (infrequently) broadly oblong, laterally com-
pressed, straight or falcate, several-seeded, moderately constricted 
between the seeds or not, dehiscent; valves coriaceous, not separating 
from persistent margin, but opening along both sutures (the margins 
splitting) at maturity. Seeds obliquely to longitudinally placed in pod. 
Perhaps 30 species primarily of warm or tropical America, 1-2 
introduced into the Old World. The greatest concentration of kinds is in 
Mexico. Our representatives, with the conspicuous exception of D. 
illinoensis, are limited to the southern United States, primarily Texas. 
Basic chromosome number x = 14 (all species diploids), determina-
tions on five species (Turner and Beaman 1953). 
The tribes Mimoseae and Adenanthereae are traditionally distinguished 
by the presence or absence of anther glands. Although recently reiter-
ated by Hutchinson (1964), this circumscription that places Desmanthus
in the Mimoseae and Neptunia iri the Adenantherae is moot. Turner and 
Beaman (1953) proposed, largely on chromosome numbers, that the re-
lationships of Desmanthus lie primarily with genera of the Adenantherae 
as Neptunia, Dichrostachys, and  Prosopis, rather than with Mimosa, 
Schrankia and others of the Mimoseae. Windler (1966), largely on mor-
phological grounds, concurs that the closest relationship of Neptunia lies 
with Desmanthus.
I likewise presume that Desmanthus and Neptunia represent allied 
lines of evolutionary specialization. A proposition to regard them as 
sections of one genus would not lack moderate supporting logic. Among 
other considerations, there seems no single character or combination of 
characters by which the two genera can always be distinguished; e. g. , 
Neptunia does not .always have the anther glands; some species of  Des-
manthus exhibit sterilization of the lower flowers, which is carried 
further in Neptunia. The pods are basically similar. Windler (1966) 
postulates a distinction based on positioning of seeds in the pods, "those 
of Desmanthus arranged in a nearly longitudinal fashion." I do not concur 
with this statement; the seeds of many of the species of Desmanthus are 
somewhat or markedly obliquely positioned. But these genera seem to 
represent natural assemblages, and there are numerous convenient dis-
tinctions that "work" for most species. The pods of Neptunia are broad 
and stipitate, those of Desmanthus linear (exception: D. illinoensis) and 
subsessile. The stipules of Neptunia are ovate to lanceolate and striate-
nerved, in Desmanthus, narrowly subulate and scarcely nerved. Our 
species of Neptunia lack foliar glands and the usually ovoid heads (short 
spikes) are yellow. Desmanthus possesses foliar glands; the flowers are 
strictly capitate, and the heads white, greenish-white to faintly pinkish. 
Stamen number in Desmanthus is commonly said to be 10, exception-
ally 5 as in D, leptolobus. I sometimes find intermediate numbers (7 or 
8) 
—
With the exception of Desmanthus illinoensis, most of the species are 
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superficially similar and distinguished by relatively small features. I 
suspect most of the species are rather closely related, although admit-
tedly, phenotypic resemblances and evolutionary contiguity do not always 
follow. 
Desmanthus Willd. Sp. Pl. 4:1044. 1806.' nom. cons. Type species: 
Mimosa virgata L. Sp. Pl. 519. 1753: 
Acuan Medic. Theod. 62. 1786' 
Darlingtonia DC. Ann. Sci. Nat. 4:97. 1825: 
Key to species3
1. Pods broadly oblong and flat (3-4 times as long as wide), usually 
strongly falcate; leaves with (4)7-10 pairs of pinnae; erect or 
ascending plants; widespread species of central and southern 
states  Desmanthus illinoensis 
1 . Pods narrowly oblong (5— 10 times as long as wide), scarcely 
curved; species mostly of Arizona, Texas to Florida, not with 
above combination of vegetative characters. 
2. Stems closely velutinous and (or) leaflets with evident nervation 
beneath. 
3. Leaflets not nerved beneath; pinnae 3-6 pairs; central and 
western Texas  D. velutinus 
4. Fruiting peduncles 7-12 cm long; leaflets 5-8 (10) 
pairs, 4-5 mm long, 1-2 mm wide, usually blue-green 
or glaucous beneath and only ciliate; local species of 
south-central Texas  D. reticulatus 
4. Fruiting peduncles 3-6 cm long; leaflets 8-10(15) pairs, 
ca 3. 5 mm long, to 1. 5 cm wide, pubescent beneath; 
central-western and southern Texas  D. obtusus 
3. Leaflets evidently nerved beneath; pinnae 2-3(4) pairs. 
2. Stems glabrous or sparsely puberulent; leaflet nervation 
obscure or absent. 
5. Fruiting peduncles less than 1 cm long; pinnae 1— 2 pairs; 
gland elliptic, 1.5-2.0 mm long; local, southern coastal 
Texas  D, brevipes
5. Fruiting peduncles exceeding 1 cm in length; pinnae number 
and gland size various. 
6. Seeds longitudinally positioned in pod which is distinctly 
constricted between seeds; seeds ca 5 mm long; pinnae 
4-7(8) pairs; heads inconspicuous, less than 1 cm in 
diameter, 3-8 flowered; stamens 5; stipules 4-5 mm 
long; south-central Texas, north to Oklahoma and southern 
Kansas D leptolobus 
s See also rejected species. 
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6. Seeds obliquely positioned in pod that is scarcely constricted at 
maturity (immature pods may be somewhat constricted); plants 
not otherwise with above combination of characters. 
7. Stems ascending or erect, suffrutescent to shrubby, to 1 m 
in height; local as follows 
8. Seeds 3. 7-4.5 mm long; pinnae 2-3 pairs; southern 
Arizona D covillei 
8. Seeds 2. 5-3.0 mm long; pinnae 3-6 pairs; western Texas, 
southern Arizona and possibly southern Florida. D. virgatus 
7. Stems prostrate to low ascending, 1—Z(5) dm high; widely 
distributed kinds. 
9. Flower heads 10-20 flowered, exceeding 1 cm in diameter; 
stipules 1-3 mm long; pinnae mostly 3-6 pairs; pods mostly 
2. 5-3. 0 mm wide; central and western Texas to Arizona. 
10. Glands small (0. 3-0. 5 mm in diameter), circular; 
stipules 2-3 mm long; peduncles mostly exserted, 
3-6 cm in fruit; rare form of a normally pubescent 
species; central to western Texas  D, velutinus 
10. Glands elliptic to circular, 0. 7— 1. 2 cm in length or 
diameter; stipules 1—Z. 5 mm long; peduncles largely 
included, 1.0—Z. 5(3. 5) cm long; common, western 
Texas to Arizona  D, cooleyi
9. Flower heads less than 10 flowered, less than 1 cm in 
diameter and inconspicuous; stipules 3-6(8) mm long; 
pinnae usually Z-4 pairs; pods mostly 3. 0-3.5(4) mm wide; 
Texas and southern Florida  D. virgatus 
Desmanthus brevipes Turner 
Southern coastal Texas. Grassland, disturbed areas. May—August. 
Available material (including that of TEX and SMU) of Desmanthus 
brevipes is too limited for judgement. I am inclined to associate it with 
erect forms of D, virgatus  var. depressus;  it differs primarily in the 
much reduced peduncles and large elliptic gland. It may be that the 
stipules of D_. brevipes average shorter and that the leaves possess (on 
the average) fewer pirmae. 
Turner (1950x) states that D. brevipes is closely related to D, vir-
gatus. He is further of the opinion (1959) that short-peduncled Argentine 
forms known as D. chacoensis  Burkhart should be assigned to D. brevipes•
Desmanthus BREVIPES Turner Field and Lab. 18:60. 1950! 
Desmanthus coots  ~1 ~ (Eat.) Trel. 
Western Texas to northern Arizona, north to southwestern Colorado. 
Adjacent Mexico. Rocky or gravelly soils; high plains to grazed moun-
tain slopes, banks, washes, roadsides and disturbed areas; in western 
part of range often with pinyon- juniper or oak- juniper; common. 3000-
7000 ft. June—Aug. (Sept.) . 
Chromosome number Zn = 28 (Turner and Beaman 1953). 
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Desmanthus cooleyi is one of the common mimosoid legumes in much 
of southern Arizona and adjacent New Mexico. Perhaps less than hand-
some, its dingy-white flower heads and low double-pinnate foliage repre-
sent acharacteristic background detail in a variety of habitat situations, 
My map shows a discontinuity between Trans Pecos Texas and the 
Panhandle, and a break across most of central and northern New Mexico, 
At NY there is a collection labeled "Central City, Nebraska." Presum-
ably the state Colorado was intended, This specimen is, however, 
doubtless the basis of Britton and Rose's (1928) and Rydberg's (1932) 
reports from Nebraska. 
Desmanthus cooleyi (Eat.) Trel, in Branner and Coville Rep, Ark, Geol. 
Surv. 188, 4:178. 1891! Acacia n, sp. Nutt. mss, Torr, Ann, Lyc, 
Nat. Hist. N.Y. 2:181. 1827! Based on NY! James, Sources of the 
Canadian, Acacia COOLEYI Eaton Man. ed, 5. 89. 1829! Type NY: 
James, Sources of the Canadian. D, jamesii T. and G. F1, N. Am, 
1:402, 1840! Acuan (as Acuania) jamesii (.T. and G.) Ktze, Rev. Gen, 
Pl, 158, 1891! Acuan cooleyi (Eat.). Britt. and Rose N. Am, F1, 23:
134, 1928! 
D, jamesii var, FENDLERI Wats, Bibl. Index, 214, 1878! Type GH! 
Fendler 179, Plantae Novo-Mexicanae, 1847. Acuan fendleri (Worts.) 
Heller Cat. N. Am. Pl, ed.2. 5. 1900! 
Acacia cooleyi Eaton and the later _D, jamesii T. and G. are based on 
the same type: The Eaton description is impossible but he says "De-
scribed by Torrey, -but not named." The Torrey publication to which he 
refers is the latter s' "Description of . . . plants . . . collected b}r Dr; ~~d-
win James, 1824," just cited, This assumption is established by the fact 
that Eaton's description is largely transcribed from Torrey's, Torrey 
cites the James specimen that I have seen. 
Watson's Desmanthus jamesii var, fendleri is based on three citations, 
One of these (Gray, P1. Wright 1:63) validates the name by providing a 
description. Several specimens are involved in the citations; since the 
matter is largely academic, I omit review of considerations and desig-
nate "Fendler 179, Plantae Novo-Mexicanae, 1847" (GH!) as lecto2ype, 
Desmanthus covillei (Britt. and Rose) Turner 
Southern Arizona (local in Baboquivari Mts.) and Mexico. Canyon 
slopes. 
This common Mexican species, characterized by its shrubby habit, 
(1) 2— 3 pairs of pinnae, long pods and relatively large seeds, was initial-
ly reported for the United States by Turner (1950c) on the basis of a 
single collection (Gilman 136, NY) from the Baboquivari Mts, in Arizona, 
Kearney and Peebles (1942, 1960) assign this specimen to D, virgatus, I 
have examined the sheet in question and agree with Turner. Apparently 
it is yet the only U5 gathering; all the University of Arizona specimens of 
D. covillei are Mexican, 
I cannot concur with Turner, however, in treating the U. S. collection 
as a new variety, arizonicus, "differing from the typical form of the 
species in having consistently 2-3 pairs of pinnae and larger, sessile 
petiolar glands (1-1, 5 mm long)." Mexican material (ARIZ) includes 
specimens with both stalked and sessile glands and some intermediate, 
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These specimens largely have 2 or 2-3 pairs of pinnae, Variation in 
the form of the gland seems independent of pinnae number. 
Desmanthus covillei (Britt. and Rose) Wiggins ex Turner Field and Lab. 
18:128. 1950! Acuan COVILLEI Britt. and Rose N. lam, F1, 23:135. 
1928! Type NY! Isotype US! Coville, 1670, Guaymas, Sonora. 
D. covillei var. ARIZONICUS Turner Field and Lab. 18:129. 1950! Type 
NY: Gilman 136. Fresnal Canyon, Baboquivari Mts. 
Desmanthus illin is (Michx,) Rob, and Fern. 
Ohio to North Dakota, New Mexico, Mississippi; also isolated collec-
tions seen from Nevada, Pennsylvania, Alabama, Florida. East: 
prairie remnants, glades, sloughs, edges of woodlands, disturbed areas 
(roadsides, margins of fields, etc.). West: along streams, moist alka-
line bottoms, rocky open woods and grassland. South: May—June (July); 
north: June —Aug. 
Chromosome number 2'n = 28 (Turner and Beaman 1953). 
Desmanthus illinoensis is by far the most widely distributed member 
of the genus in the United States. Its occurrence throughout much of its 
range is sporadic, but it is quite common in the southern portion of the 
midwestern states. Its ecological tolerance is considerable as the above 
habitat tabulation indicates. Soils range from deep, moist sands to the 
trivial rooting of cedar barrens, from limestone outcrops to tight, bot-
tom clays. But despite geographic and ecological range, the species is 
relatively monomorphic, and I can discern no distinctive evolutionary 
sidelines. Some specimens from the southeast have relatively few pin-
nae (6-7 pairs) and short stipules, but this phenotype does not. seem to 
replace the "typical" one. 
Desmanthus illinoensis (Michx.) Mach. ex Rob, and Fern. Man. 503. 
1908: Mimosa ILLINOEIVSIS Michx. Fl, Bor. Am. 2:25 ~, 1803 Acacia 
brachyloba Muhl. ex Willd. Sp. P1. 1071. 1806! Mimosa brachyloba
(Willd.) Eat. Man. 77. 1817, fide Merrill and Reeder (1946). Darling-
tonia brachyloba  (Willd,) DC. Ann. 5ci, Nat. 4:97. 1825! Darlingtonia 
brachyloba var, illinoensis (Michx.) T. and G. F1. N. Am. 1:401. 
1840! Desmanthus brachylobus (Willd.) Benth. Hook. Jour. Bot. 4: 
358. 1842! Acuan (as Acuania) illinoense (Michx.) Ktze. Rev. Gen. 
Pl. 158. 1891! Desmanthus illinoense (Michx.) Mach. in syn. Mach. 
Metasp. Min. 308. 1892! 
Mimosa VIRGATA Bartram Travels 4.21.. 1791! non M. virgata L. 1753! 
M. GLANDULOSA Michx. F1. Bor. Arai. 2:254. 1803! M. glandulosa Vent. 
Choix 27 t 27. 1804! Darlingtonia glandulosa (Michx,) DC. Ann. Sci. 
Nat. 4:98. 1825! Darlingtonia brachyloba var. glandulosa (Michx,) 
T. and G. F1. N. Am. 1:401. 1840: Acuan glandulosa (Michx,) Heller 
Cat. N. Am. Pl, ed. 2, 5. 1900: Desmanthus illinoensis var. glandu-
losa (Michx,) MacBride Contr. Gray Herb. 59:14. 1919: 
_M. CONTORTAPLICATA Zucc. in Roemer Coll. 160. 1806! 
Acacia VIRGATA Raf. F1, Lud, 136. 1817! 
Darlingtonia INTERMEDIA Torr. An. Lyc. Nat. Hist. N.Y. 2:191. 1827! 
Darlingtonia brachyloba var. intermedia (Torr.) T. and G. F1, N. Am. 
1:401. 1840! 
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Desmanthus FALCATUS Scheele Linnaea 21:455. 1848: Presumed iso-
type US! "Lindheimer 386 (Fasc. III) 1846. . . . D. falcatus Scheele." 
I have seen type material of few of the above; the critical names are, 
however, readily identifiable. 
Mimosa illinoensis and glandulosa Michx, were published simultane-
ously and slightly earlier than Mimosa glandulosa Vent. which was based 
on the same material as the latter Michaux name. Acacia brachyloba
Willd. , 1806, was an illegitimate substitute for the earlier _M. iilinoen-
sis. Later 19th century botanists, however, followed Bentham in rele-
gating both _M. glandulosa and M. illinoensis to synonymy under Des-
manthus brachylobus (Willd.) Benth. The epithet "illinoensis" was 
brought out of hiding by MacMillan and (as Acuania illinoense) by Kuntze; 
but neither cited _M. glandulosa as a synonym. So far as I am aware, the 
first author to choose illinoensis in preference to glandulosa (i. e. to 
subordinate the latter under the former) is MacBride (loc. cit.). 
But the now traditional "Desmanthus illinoensis MacM." involves an 
irregularity in author citation. MacMillan took up Acuania illinoense
(Michx.) Ktze. and cited D_. illinoensis Mach. mss only as a synonym. 
The Gray cards (Harvard University 1968) credit the combination to 
MacMillan and the name has been cited "(Michx) MacM." the last 60 years. 
The first validation of the combination (indirect reference) I find is by 
Robinson and Fernald (loc. cit.). 
Of secondary issue: Mimosa virgat_a Bart, has been identified alter-
natively as Desmanthus illinoensis and Neptunia lutea (Branner and 
Coville 1891; Merrill 1945; Turner 1951; Harvard University 1968). 
Bartram's observations ("sending up many nearly erect stems . . . the 
legumes are large, lunated and flat, placed in a spiral or contorted man-
ner. ") render it highly likely that he had D, illinoensis. Rafinesque's 
Acacia virgata is _D. illinoensis by description, but he adopts the name 
only conditionally, and its typification would constitute an exercise in 
nomenclatural polemics I shall forego. M. contortaplicata, an ancient 
ghost, is assigned to this species in deference to probability and con-
vention. 
Desmanthus leptolobus T. and G. 
South-central Texas to southern Kansas and slightly into southwest 
Missouri. Rocky prairies, disturbed areas (roadsides, vacant lots), 
sandy- clay calcareous soil. May— June. 
Chromosome number 2n - 28 (Turner and Beaman 1953). 
In central Texas and north, Desmanthus leptolobus is a species with 
rather delicate leaves, 4-6 pairs pinnae, small, circular glands, in-
conspicuous heads on short, filiform peduncles, usually evident stipules, 
and pods conspicuously constricted at maturity. There is some measure 
of constriction in the pods of all Desmanthus species; the more marked 
condition in this species (D. leptolobus) seems to be a function of the 
longitudinal position of the seeds, and the greater length of the seeds 
than in other species. The seed "cradle" in the empty pod is distinctly 
elongate lengthwise. By contrast, the seeds of D, virgatus are 2.5-3.0 
mm long and the long axis of the cradle is oblique in the pod. The seeds 
of D. cooleyi are intermediate in length between those of the above species. 
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Desmanthus LEPTOLOBUS Torr, and Gray Fl. N. Amer. 1:402. 1840! 
5yntypes NY! Texas, Drummond; Arkansas, Dr. Leavenworth. Acuan
(as Acuania) leptolobus (T. and G.) Ktze. Rev. Gen. Pl. 158. 1891! 
Desmanthus obtusus Wats. 
Central-western and southern Texas. Adjacent Mexico. Rocky open 
slopes and dry plains, roadsides, usually calcareous sandy-loam to 
rocky soils. April—July (Oct.). 
Desmanthus obtusus appears closely related to D. velutinus and is 
easily confused with it unless nervation of leaflets is observed. Except 
along the Rio Grande, the northern and southern portions of the range of 
this species are discontinuous. The intervening counties are occupied 
by D. velutinus. 
Desmanthus OBTUSU5 Wats. Proc. Amer. Acad, 17:371. 1882! Type 
GH! Isotype US'. Havard, western Texas, August, 1881. Acuan 
obtusum (Wats.) Heller Cat. N. Am. P1, 4. 1898! 
Acuan FALLAX Small Bull. N.Y. Bot. Gard. 2:97. 1901! Type NY! 
Croft 162, San Diego, Texas. Desmanthus fallax (Small) Schum. Bot. 
Jahresb. 29(1):540. 1903! 
Desmanthus reticulatus Benth. 
South-central Texas. Roadsides, chaparral, prairies. Local. 
Apr it —July . 
The most distinctive feature of this species is the long, ultimately 
arcuate peduncles. It is rare; I have seen but few specimens and never 
encountered it in the field. 
Desmanthus RETICULATU5 Benth. Hook. Jour. Bot. 4:357. 1842! GH! 
Fragment of presumed type "Texas, Drummond III" Acuan (as Acuania) 
reticulatum (Benth.) Ktze. Rev. Gen. Pl. 158. 1891! 
D. RHOMBIFOLIUS Buckl. Proc. Acad. Nat. Sci. Phil. 1861:454. 1862! 
Type PH! Buckley, Buchanan Co. Texas, June 1861. 
Bentham (loc. cit.) designates the type of Desmanthus reticulatus as 
"Dr.ummond, San Felipe, Texas." 
Desmanthus velutinus Scheele 
Central to western and southern Texas, and adjacent Mexico. Rocky 
open sites, largely calcareous soils, hillsides, streambeds, roadsides; 
grassland, live oak, juniper. May—June (Sept.). 
Chromosome number 2n = 28 (Turner and Beaman 1953). 
The range of the _D, velutinus "dovetails" into the apparent discon-
tinuity of that of its congener D, obtusus. 
Desmanthus VELUTINUS Scheele Linnaea 21:455. 1848! Acuan (as 
Acuania) velutinum (Scheele) Ktze. Rev Gen. Pl. 158. 1891! 
Desmanthus PEDUNCULARIS Buckl. Proc, Acad. Phil. 1861:454. 1862! 
Type PH! Buckley, Northern Texas, May, 1861. 
Scheele's description (loc, cit.), a supplementary one by Gray (1850), 
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and several collections by Lindheimer (NY:, TEX: , US:) from the type 
locality, leave little doubt concerning the identity of the type material. 
At NY and US, duplicates of Lindheimer 385 (probably 1847 but 
designations are not consistent) are marked as isotypes. This is prob-
ably the collection on which Gray's description is largely based: "Rocky 
soil, and on grassy slopes near New Braunfels." And Scheele's material 
came from the same locality, "Auf sumpfigem Boden am oberen Camal-
kreek bei Neubraunfels: Lindheimer, August." (Scheele, loc. cit.). 
Gray states, however, "A well marked species, which Scheele has de-
scribed from some of the rather imperfect fruiting specimens gathered 
by Lindheimer in 1846." Ergo, Scheele's Lindheimer gathering was not 
the same as Gray's and the latter should not be regarded as a type. 
Some forms of Desmanthus velutinus possess considerably reduced 
pubescence. In GH is a sheet (Lindheimer, June 1849, Comanche Spring 
with the common form) marked as D. velutinus var, glabratus Eng, and 
subsequently so annotated by Robinson. Apparently this name was never 
published. 
Desmanthus vir atus (L.) Willd. 
Texas, southern Florida and slightly in Arizona. See varietal treat-
ment. 
Chromosome number 2n = 28 (Turner and Beaman 1953). 
D. virgatus (L.) Willd. and D. depressus Willd. are widespread and 
relatively common in the American tropics. They differ ideally in that 
D. virgatus is erect and suffrutescent, while D. depressus is herba-
ceous and procumbent. Woodson and Schery (1950), and Standley and 
Steyermark (1946) indicate that they merge in the tropics. Turner 
(1950b) subordinated D, depressus under virgatus. I concur, and have 
gone one step further and reduced the local Texas form, D. acuminatus
Benth. , to varietal status under D. virgatus. I suspect that D. brevipes
Turner also belongs here. 
The generalized recognition combination for Desmanthus virgatus is 
the tiny, few-flowered heads; leaves with relatively few (mostly 2-4 
pairs) pinnae; and well developed stipules; the pods are broader than 
those of sympatric species except for D. illinoensis. 
Key to varieties 
1. Plant erect or ascending, herbaceous or suffrutescent, to 1 m 
in height; pinnae 3-6 pairs; petiole and rachis glands usually 
1—Z. 5 mm long; forms local or rare in United States; of western 
and southern Texas, and southern Arizona. 
2. Southern Arizona, possibly southern Florida; a single rachis 
gland present,   var, virgatus 
Z. Texas; rachis glands as below. 
3. Southern Texas; glands present between only lowermost 
pair of pinnae; leaflets ca 3-4 mm long. var, depressus
3. Western Texas; glands usually present between uppermost 
pair of pinnae as well as lower ones; leaflets ca 4-5 mm 
long  var . glandulo sus 
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1. Plant prostrate or low, rarely exceeding 1-2 dm in height; 
pinnae 2-4 pairs; petiole glands often less than 1 mm in 
diameter; Texas except for westernmost part, and southern 
Florida. 
4. Stipules usually ciliate, scarcely membranous-widened at 
base; rachis gland elliptic, 1. 1-1.5 mm long. Texas. 
var, acuminatus 
4. Stipules glabrous or slightly ciliate, usually membranous-
widened at base; rachis gland mostly circular and not 
exceeding 1 mm in diameter; southern Texas and southern 
Florida  var. depressus 
Var, acuminatus (Benth.) Isely 
Eastern Texas, McClennon Co, south to Calhoun Co. 
Var, acuminatus, peripherally sympatric with depressus, represents 
the northern phase of _D. virgatus in Texas and tends to occupy sandy 
habitats rather than silt -clay characteristic of var, depressus. Turner 
(1959) and earlier workers have treated var, acuminatus as a separate 
species. Since it is evidently an entity of the virgatus complex, since 
the differences between it and depressus are minor,and since they are 
less than entirely consistent, I can only regard it in varietal status. 
Turner (1959) refers to "very closely related types" in Argentina. 
One supposes this situation might be one of parallel evolution from D. 
virgatus, or possibly a bicentric distribution resulting from chance 
long-distance distribution. 
Desmanthus virgatus var, acuminatus (Benth.) Isely comb. nov. 
D. ACUMINATUS Benth. Hook. Jour. Bot. 4:357. 1842! Possible 
isotype NY! Drummond, Texas. Acuan (as Acuania)  acuminata (Benth.) 
Ktze. Rev. Gen. 158. 1891! Desmanthus depressus var, acuminatus 
(Benth.) Burkhart in Cabrera, F1. Prov. Buenos Aires 4(3a):436. 1967. 
Bentham cites "Rio Brazos, Texas, Drummond." The Drummond 
specimen seen (NY) is reasonably consistent with the description; whether 
it represents the same gathering is moot. And whether Burkhart's 
South American plant is the same as ours is problematic; but his combi-
nation, based on D. acuminatus Benth. , represents our taxon. 
Var, depressus (Willd.) Turner 
Central to southern Texas; southern Florida, mostly west coast and 
Keys. American tropics. Texas: open dry, alkaline soils to mud flats; 
brushy prairies, mesquite-cactus scrub, disturbed areas, semi-weedy. 
Florida: pinelands, hammocks, beach strand; weedy along roadsides 
and in urban areas. March--October or all year in Florida Keys. 
This is the common form of_D, virgatus in the United States. It is 
frequent in disturbed areas in both southern Florida and Texas and I can 
discern no difference between the representatives of these widely sepa-
rated areas. 
Var, depressus is typically amany-stemmed prostrate plant or is low 
spreading. A few specimens seem to be of erect plants, even to 1 m. 
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Except for habit they are seemingly depressus, and I am according them 
no taxonomic status. They are not quite var, virgatus of the tropics 
(glands, leaflet size, pinnae number) but the line i~ thin. 
Desmanthus virgatus var. depressus (H. and B. ex Willd.) Turner Field 
and Lab. 18:61. 1950! D. DEPRESSU5 H, and B. ex Willd. Sp. Pl. 
4:1046. 1806! 
Acuan TEXANUM Britt. and Rose N. Amer. F1. 23:136. 1928! Type NY! 
Tracy 7786. 
Acuan TRACYI Britt. and Rose N. Amer. F1. 23:135. 1928'. Type ex-
amined by Turner (1950). 
I have not seen the Humboldt and Bonpland material "Habitat in 
America meridionale" on which Willdenow based his _D. depressus.
Turner (1950b) gives no indication of having verified application of the 
name. Willdenow's specimen was probably of this plant but the descrip-
tion is too generalized to be unequivocal. 
Var, glandulosus Turner 
Western Texas. Adjacent Mexico. Rocky hillsides, limestone soil, 
roadsides. July—Sept. 
The west Texas forms of _D, virgatus  are disjunct both morphologi-
cally and geographically from the species elsewhere in the United States. 
The plants are erect, bush~r, and presumably represent a northern ex-
tension and modification of var, virgatus.  The more robust forms have 
ca 6 pairs of pinnae, a large elliptic gland between the lower pinnae (in 
contrast to the small, circular gland of var, depressus),  and a gland 
between at least the upper pinnae also. 
Possibly var, glandulosus, as herein circumscribed, includes more 
than one taxon. I have seen specimens and concur with Turner's state-
ment (1950b) "A form of this species, possibly worthy of nomenclatural 
recognition, is found in the higher altitudes of the Chisos and Guadalupe 
Mountains. It differs from var, glandulosus in its uniform reddish -
brown stem and foliage, its smaller (30-50 cm long) less branched 
stems, its thicker and fewer seeded pods, and the frequent absence of 
glands between the upper pairs of pinnae." 
Desmanthus virgatus var. GLANDULOSUS Turner Field and Lab. 18:64. 
1950! Isotype TEX! Warnock 6710. 
Var, virgatus 
Southern Arizona and possibly southern Florida. Widespread in 
American tropics. Also Old World tropics where presumably introduced. 
The occurrence of genuine var, virgatus  in the continental United 
States is open to question. If one accepts Turner's var, glandulosus for 
the west Texas mountains—as I have done--virgatus must be excluded 
from that state. Desmanthus virgatus  is included in the Arizona flora by 
Kearney and Peebles (1960). Part of their material is _C. covillei  but 
two sheets (Ariz. Goodding A-9734 and Goodding and Harding 833G), both 
from "Grays Ranch, Guadalupe Mts," Cochise Co. , seem best placed 
with _D. virgatus  var. virgatus.  If  yet extant, the population must be a 
small one; the collections date from 30 years in the past. 
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Small (1933) has both Acuan depressum and virgatum from Florida 
and I have seen his NY material. I am willing to accept two sheets as 
probably representing erect, sub shrubby plants. One of them is from 
the Florida Keys and the other from Tampa. Considering the apparent 
proclivity of var. virgatus for distribution by man, it is possible these 
represent introductions from the West Indies. All specimens from the 
University of South Florida represent var, depressus. 
Desmanthus virgatus (L.) Willd. Sp. Pl. 4:1046. 1805! Mimosa VIRGATA
L. Sp. P1. 519. 1753! Microfiche of Linnaean material! 17 virgata 
(Linnaeus' handwriting; corresponding number in text). Acuan virga-
tum (L.) Medic. Theod. 62. 1786! 
The above reference to the Linnaean material validates application of 
the specific epithet to the degree that the specimen presently in the 
Linnaean collection is approximately congruent with +he diagnosis. I 
have neither dated the specimen nor traced the Linnaean citations. 
Woodson and Schery (1950) cite numerous taxonomic synonyms based 
on collections from the tropics. 
Rejected species 
Desmanthus bicornutus Wats. 
This species is credited to Arizona by Kearney and Peebles (1960) on 
the basis of a Goodding specimen "Near Ruby, Santa Cruz Co. , 1938." 
The only U. S. specimen I have seen is a Goodding accession from the 
soil conservation nursery at Tucson (ARIZ). The species apparently 
awaits rediscovery in the U.S. 
Desmanthus bicornutus is distinctive. The leaves possess 8-12 pairs 
of pinnae. The foliar gland is petiolar and subtended by a pair of 
stipule-like structures. 
Neva Lour. 
Low perennial herbs. Leaves twice-pinnate with mostly numerous 
pinnae and leaflets (2--9 pairs and 9-25 pairs, respectively, in U. S. 
species). Foliar glands absent in U.S. kinds. Stipules cordate to lan-
ceolate, (ours lanceolate), striate -nerved. Peduncles axillary and 
solitary, ebracteate or with a pair of intercalary bracts. Inflorescences 
ovoid to subglobose spikes, yellow to greenish-yellow in color. Flowers 
dimorphic: the upper (in each spike) perfect, the lower staminate, or 
sterile with conspicuous staminodes. Calyx tubular, campanulate, dis-
tinctly lobed, but lobes shorter than tube. Corolla lobes free for most 
of length. Stamens separate, 5-10 (in our species, 10). Anthers gland-
tipped (glands early deciduous). Ovary stipitate. Legume flat, broadly 
oblong, somewhat asymmetric, usually stipitate; valves thin-coriaceous, 
.separating at maturity. Seeds obliquely to transversely positioned. 
Eleven species (per Windler, 1966), tropics and warm regions of both 
hemispheres. In U. S. : along coastal plain, Florida to Texas and north-
ward to Oklahoma. 
Chromosome base number x = 14, 8 species reported (Turner and 
Fearing 1960). 
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U. S. species of  Neptunia have been previously reported by Robinson 
(1898), Turner (1951) and Windler (1966; a world treatment). I have 
briefly discussed the relationships of Neptunia under Desmanthus. Wind-
ler (1966) breaks the genus into two sections: "Pentanthera (usually 
with five stamens) is confined to northeastern Australia with the excep-
tion of two collections of N. gracilis from Luzon, Philippine Islands." 
He places five species in this section. Section  Neptunia (ten stamens) 
occurs on all continents except Australia. 
Neptunia Lour. F1. Coch. 653. 1790! Type species N. oleracea Lour. 
Hemidesma Raf. Sylva. Tell. 119. 1838! 
Key to specie s4
1. Flowers in lower portion of heads with conspicuous, flattened 
staminodes (these deciduous and often absent on "mature" heads); 
pod-stipe 1-4 mm long; leaflets (12) 15-25 pairs; Texas to 
southern Florida, primarily coastal plain. Neptunia pubescens 
1. Flowers all similar in appearance, none of them with modified 
stamens; pod- stipe 4— 14 mm in length; leaflets 9 —15 pairs; 
Oklahoma and eastern Texas, weakly to western Alabama. N. lutea 
Ne tunia ~luteva (Leavenw.) Benth. 
Eastern Texas to central Oklahoma, sporadically east to western 
Alabama. Moist woodlands, pine savanas, creek bottoms, to dry 
prairies and meadows; disturbed areas, e. g. roadsides; sandy loam to 
limestone and clay soils. (April) May—July (Sept.). 
Chromosome number 2n = 28 (Turner and Fearing 1960). 
Where Neptunia lutea is present, the bright yellow of its spikes often 
provide s a conspicuous and welcome color condiment in dull-green wet-
land habitats. The color yellow is relatively uncommon among mimosoid 
legumes except for  Acacia. 
Neptunia lutea and the superficially similar N. pubescens are often 
confused, particularly specimens in late flowering or fruit when the 
lower staminode-bearing flowers of the latter are no longer evident. 
The stems of N. lutea are usually conspicuously hirsutulous, those of 
N. pubescens are glabrate or with limited pubescence except locally in 
southern Texas. N. lutea possesses fewer leaflets; the calyx is less 
strongly nerved; the corolla scarcely striate; and the pod much more 
strongly stalked. 
Var. multipinnata Turner is a robust, pubescent form with an unusu-
ally high number of pinnae. 
Neptunia lutea (Leavenw.) Benth. Hook. Jour. Bot. 4:356. 1842! Acacia 
LUTEA Leavenw. Amer. Jour. Sci. 7:61. 1824! Approximate topo-
type ISC! Turner 2224, Green Co. , Alabama. 
N• TENUIS Benth. Hook. Jour.. Bot. 4:355. 1842! Fragment of isotype 
(type?) US! Drummond 150 ex herb Univ. Lausanne. N. lutea var. 
4 See also rejected species. 
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tenuis (Benth.) Robinson Proc. Amer. Acad. 33:332. 1898'. 
N. lutea var. MULTIPINNATA Turner Amer. Midl. Nat. 46:88. 1951! 
Type US! Isotype NY! Tracy 8023, Weatherford, Texas. 
As to concept, not type: 
N. virgata (Bart.) Trelease in Branner and Coville Ann. Rep. Geol. 
Surv. Ark. 178. 1891! neque Mimosa virgata Bart. 1791! neque M. 
virgata L. 1753! 
Turner (1951) has treated the identification of Acacia lutea Leaven-
worth in some detail. To his remarks I add only that a GH "isotype" 
cannot be considered such. With a Torrey and Gray label, "Acacia 
lutea Leay.", the sheet is indicated to include "Texas, Drummond" and 
"Arkansas, Leavenworth" (original A, lutea of Leavenworth was from 
Alabama). The specimens are Mimosa strigillosa and Neptunia lutea. 
These gatherings and Torrey and Gray sheets at NY (reviewed by Turner), 
which include both N. lutea and pubescens, embody Torrey and Gray's 
ambiguous concept of A, lutea.
Bentham's _N. tenuis is a mixture. Bibliographically, I have followed 
precedent and am typifying the name on the basis of the cited sheet 
labeled "Texas, Drummond, 3rd coll, n 150. " This collection, as pre-
vious workers have likewise affirmed, represents a depauperate, glab-
rate N.  lutea. However, Bentham also cites Desmanthus lacustris 
Humboldt and Bonpland which is referable to the aquatic Neptunia oleracea 
Lour. Bentham's description reflects this double concept. 
The supposition that Bartram's Mimosa virgata might be _N. lutea is 
discussed under _D. illinoensis; I consider _M. virgata Bartram to be the 
latter species. Were the alternative (that the plant is N. lutea) taken up, 
the name would be discarded as a later homonym. 
Kew Index tabulates "Neptunia  lutea Torr. Bot. Mex. Bound. 60. " 
There is none such. Torrey cites "Neptunia lutea Benth, and the speci-
mens are N. pubes ens Benth. " 
Ne tunia pubescens Benth. 
Southern coastal plain, Texas to Florida and inland in Texas. Tropi-
cal America to Argentina. See varietal treatment. 
Chromosome number 2n = 28 (Turner and Fearing 1960). 
Turner (1951, 1959) and Windler (1966) do not agree on interpretation 
of pubescence variance in this species. Turner (1959) views Texas _N. 
pubescens as two varieties: var, lindheimeri, the more pubescent form 
of southern Texas; var, floridana, less pubescent, ranging from Texas 
to Florida. Windler speaks of a cline from Florida to Texas. Material 
from Florida indeed averages less pubescent than that from Texas but I 
am dubious of the existence of ageographic-morphological-cline except 
locally in Texas. My observations indicate a range among specimens in 
both southern Florida and southern coastal Texas as follows: (1) plants 
almost glabrous to (2) those glabrate but with evident leaflet ciliation, to 
(3) others with slight stem pubescence plus leaf ciliation. Type no. 3 
grades into (4) moderately to strongly pubescent phenotypes which are 
limited to Texas. I have mapped the pubescent extremes. The type of 
N. lindheimeri Robinson is intermediate between "3" and "4." 
It might not be illogical to treat the Florida material as var, floridana 
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(Small) Turner, limiting the variety to that state on these bases: 
(1) Florida gatherings en toto are less pubescent than those from Texas, 
and (2) there is apparently a disjunction from coastal Mississippi to the 
central Florida panhandle (Wakulla Co.) between the eastern and western 
segments of the species. I am not inclined to recognize varieties so 
defined because too many individual Florida and Texas specimens are 
indistinguishable. 
Or one could designate the strongly pubescent Texas forms as a 
separate variety somewhat as Turner has done. But there is too much 
morphological and geographic intergradation. Thus I have placed them 
all with var, pubescens,
Inland in southern Texas, the predominant form has somewhat wider 
pods, and averages fewer pinnae and shorter stipes. I follow Windler 
(1966) in treating it as var, microcarpa.
Key to varieties 
1. Stipe of pod to 2 mm, scarcely exceeding calyx; pods obovoid to 
obovoid-oblong, less than twice as long as wide, 0.8-1. 5 cm 
wide; pinnae 2-3(4) pairs, glabrate; inland, southern Texas. 
  var, microcarpa
1. Stipe of pod 2-4 mm, exceeding calyx; well-creveloped pods 
oblong, more than twice as long as wide, 0. 6— l . 0 cm wide; 
pinnae (2)3-5 pairs, various in pubescence; mostly coastal, 
Texas to Florida  var, pubescens 
Var, microcarpa (Rose) Windler 
Southern Texas, not adjacent to coast, west to Val Verde Co. , Mexico. 
Limestone to deep sandy soils, disturbed areas. April—June (Sept.). 
Neptunia pubescens var, microcarpa (Rose) Windler Austrl. Jour. Bot. 
14:393. 1966: N. MICROCARPA Rose Contr. U. S. Natl. Herb. 8:300. 
1905! Type U5! Isotype GH! Pringle 8626. 
N. PALMERI Britt. and Rose. N. Am. F1. 23:182, 1928'. Type NY! 
Isotype US! Palmer 300, Juarez, Coahuila. 
Var. pubescens 
Texas: moist, sandy soils, roadsides. April—June (Sept.). Florida: 
open pinelands or pine-palmetto scrub, roadsides and other disturbed 
areas, not infrequently adjacent to ocean; sandy to coral soil. March—
August. 
. Inasmuch as the type of _N. pubescens is South American, it would not 
be unreasonable to suspect that the North American forms might repre-
sent aseparate geographic variety. Windler (1966), however, makes no 
differentiation. And I have examined South American material and dis-
cern no appreciable morphological differences from our North American 
representatives . 
Neptunia PUBESCENS Benth. Jour. Bot. 4:356. 1842! Photograph of 
type NY! Cuming 1027. Peru. 
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N. FLORIDANA Small. Bull. Torr. Club 25:138. 1898! Lectotype NY! 
Chapman "Flora." N. pubescens var, floridana (Small) Turner. 
Amer . Midl. Nat. 46:89. 19 51 
N. LINDHEIMERI Robinson Proc. Amer. Acad. 33:333. 1898! Isotype 
MO! Lindheimer "Prairies, in clayey soil, Houston, Texas, June. 
1843." N. pubescens var, lindheimeri (Rob.) Turner. Amer. Midl. 
Nat. 46:88. 1951! 
N. MANZATLANA Britt. and Rose N. Am. F1. 23:182. 1928! Fragment 
of type NY! Rose, Standley and Russell 14001 and fide Windler (1966). 
Small and Robinson (Neptunia floridana and lindheimeri respectively) 
cited several specimens. From these, Turner (1951) designated lecto-
types. I have seen most of the specimens of both authors. 
Rejected Species 
Turner (1959) and Windler (1966) both record Neptunia plena (L.) 
Benth, from the United States on the basis of a single collection, Kenedy 
Co. Texas, in 1938. The subject specimen is in US(!). But I have seen 
no further US accessions. There is no evidence that N. plena is more 
than an unsuccessful waif. 
Neptunia plena differs conspicuously from species herein treated in 
its bracted peduncles and aquatic habit. 
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ABSTRACT. Germination of Indian grass, big bluestem 
and little bluestem was increased significantly by ap-
plications of. gibberellic acid. GA treatments failed 
to break dormancy in prairie dropseed. Based on the 
relative increases in germination as a function of both 
storage time and gibberellin concentration it was con-
cluded that there was a lessening dependence on treat-
ment with age of seed. This was especially true for 
the two species of Andropogon  for which a decreasing 
trend was observed in the oldest seed when treated with 
the highest levels of gibberellin. Germination patterns 
for Indian grass suggested a more extensive dormancy 
since a rising trend was maintained for all age classes 
as GA concentrations were increased. The significant 
increase in germination rate of prairie grasses by 
gibberellic acid treatment suggests the possibility of 
practical applications in field establishment, where 
timing of germination with favorable conditions is a 
critical factor. 
INTRODUCTION 
Extended post-harvest dormancy has been reported for various spe-
cies of the grass family. In a recent paper, Shaidee e_t al. (1969) dis-
cussed germination response of several native grasses and concluded 
that increasing age of seed was probably a significant factor in success-
ful establishment under field conditions. It was shown that germination 
of fresh seed generally was retarded or actually inhibited even though 
optimum temperature and moisture conditions occurred. Thus, while 
favorable environmental stimuli are necessary for germination, the ini-
tial resumption of growth is dependent also on physiological conditions of 
the seed. The role of growth substances in regulating dormancy of di-
verse groups is discussed by Amen (1968). One of several mechanisms 
of seed dormancy involves a balance between endogenous substances 
promoting increased enzymatic activity and growth and those causing 
inhibition. The promoter -inhibitor complex as a regulatory mechanism 
in several types of seed dormancy is inferred from numerous studies. 
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Growth substances such as gibberellic acid have been shown to substi-
tute in part for the after -ripening process, or otherwise cause normally 
dormant seeds to become germinable. Furthermore, this induced state 
could be reversed by the addition of specific inhibitors. One objective 
of the present study was to demonstrate what interactions exist between 
post-harvest age of native grass seed and exogenous gibberellin. It is 
plausible to speculate that quantitative responses induced by applied 
substances, relative to controls, might diminish with after-ripening 
time as inherent factors produce a more germinable condition. 
METHODS 
Mature seed of the four species of native grasses was collected in 
October, 1968, from upland prairie in central Missouri, at the Univer-
sity of Missouri Prairie Research Station. The species were big blue-
stem, Andropogon gerardi, little blue stem, A. scoparius, Indian grass, 
Sorghastrum nutans, and prairie dropseed, 5porobolus heterolepis. All 
are warm season species developing flower stalks in mid to late sum-
mer. Seed collections were dusted with Spergon fungicide and stored at 
5°C. The first experiment testing different levels of gibberellin on 
germination was initiated after three weeks of storage, the second after 
three months, and the third and final set of observations after six 
months. At the time of removal from storage, seeds were soaked for 
24 hours at 20° C in gibberellic acid (GA- 3 as 75% K salt) in concentra-
tions of 10, 100, and 500 micrograms per gram (ppm) of distilled water, 
after which they were rinsed thoroughly for five minutes and transferred 
to sterile Petri dishes with moistened filter paper. Approximately 600 
firm spikelets of each species were selected for each concentration and 
for each post-harvest condition, divided equally among three dishes. 
The number of spikelets considered to have viable seed based on random 
selection of 100 units in which the caryopsis was extracted ranged from 
35 to 60%. Firm spikelets were than placed in incubators programmed 
for alternating 12-hour periods of 10°C and 20°C temperatures and syn-
chronized with similar intervals of darkness and 500 foot-candles of 
fluorescent light, respectively. Observations were made at 7 -day 
intervals by counting germinating seeds for a total of 6 weeks. Germi-
nated seeds were removed and an accumulative score was kept for each 
Petri dish. After six weeks all ungerminated seeds were counted. 
Germination percent was calculated at the third and sixth (final) week 
for each level of application. Data were analyzed for mean squares to 
determine significance of GA-treatment level, post-harvest age, time of 
germination, and respective interactions. 
RESULTS AND DISCUSSION 
The application of gibberellic acid significantly increased germination 
of Indian grass, big blue stem and little bluestem. Prairie dropseed 
failed to germinate under any treatment. In general, response of the 
successful species remained low for the first three weeks of observation 
and then increased rapidly thereafter. Cumulative results for the 6-
week period are shown in Table I . There was no germination in untreated 
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TABLE I. Germination percent, of ter six weeks of observation, 
as affected by several levels of gibberellic acid 
applied to seed b.f increasing post-harvest age. 
i 
Species Treatment 3 weeks 
Post-harvest Age 
12 weeks 24 weeks 
Indian Grass Control 0.0 0.0 0.0 
10 ppm 11.9 8.5 14,1 
100 ppm 17,3 12.9 17.6 
500 ppm 24,6 24,1 21,9 
Big Bluestem Control 1,6 2,7 2.2 
10 ppm 6.0 11,2 15.2 
100 ppm 6.6 12.3 15.6 
500 ppm 15.9 26.6 15.2 
Little Bluestem Control 2.7 5.4 3.2 
10 ppm 16.8 12.5 12.3 
100 ppm 17.1 20.5 12.6 
500 ppm 14.1 20.7 7.2 
seeds of Indian grass. For both Andropogon species limited germination 
occurred in untreated samples after 6 weeks, but none during the first 
3 weeks. Analysis of data for all species is presented in Table II, show-
ing mean squares and F values for tests of significance. 
Post-harvest age within the storage period of this study (24 weeks) 
was not a significant variable in the germination of treated Indian grass 
seed. All age classes of Indian grass seed exhibited rising germination 
with greater concentrations of GA, unlike the bluestems (Table I). Thus, 
Indian grass was singularly different in its failure to germinate without 
chemical treatment and in its responsive pattern of germination regard-
less of post-harvest age. Germination trends for the Bluestem species 
resembled each other as effected by post-harvest age and exogenous GA. 
In general, there was a lessening of the germination response in the 
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stored for 24 weeks and treated with 500 ppm, GA had 65% less germi-
nation than seed removed at age 12 weeks. The reduction for big blue-
stem was 40%. Germination trends exhibited by the Andropogon species 
suggest that increasing age of seed caused a lessening dependence on 
external gibberellin within the latter half of the 6-month post-harvest 
period. In an earlier study seeds of big blue stem stored for approxi-
mately 4 years were stimulated by GA, but to a lesser degree than 
1-year seed (Kucera 1966). In neither case, however, were germination 
increases statistically different from controls. An evaluation of these 
results with those obtained presently, where GA treatments of younger 
seed had a significant effect on germination, implicates the attenuating 
nature of functional arrest in dormant seeds with time. Coukos (1944) 
indicated that maximum germination of big blue stem seed occurred 18 
months after harvest. A germination study of Avena fatua by Corns 
(1960) indicated that responses to GA treatment were greatest in fresh 
seed. In the present experiments, also, it would appear that gibberellin 
applications are most effective in the earlier phases of post-harvest 
dormancy. 
No reports of Indian grass germination by gibberellin treatment are 
available for comparison with present data. The lack of germination in 
untreated seed, compared to the blue stem, implies a stronger or more 
extended dormancy, the breaking of which by high levels of GA is ap-
parently effective. The failure of prairie dropseed to germinate under 
our conditions is not fully explained. A heavy fungal growth occurred in 
all plates, despite treatment with fungicide and care of glassware. 
Whether germination failure was due to extraneous growth or to -some 
factor associated with dormancy requires further study. Toole (1941) 
noted that a major dormancy factor in several species of Sporobolus was 
mechanical resistance of the seed coat. She obtained good results, how-
ever, after scarification by soaking in 71% sulfuric acid for 5 minutes. 
To test the effectiveness of the gibberellin and its relation to post-harvest 
age, scarification treatment of the seed coat may first be necessary. 
Even with this pre-conditioning to allow absorption, gibberellin treat-
ment may or may not be effective. The extensive list of grasses pub-
lished by Nakamura (1966) includes species which do not respond to GA 
treatment. In the present study GA applications were a significant factor 
in accelerating germination of three prairie grasses. Pre- sowing treat-
ment of fresh seed with this particular gibberellin may have field appli-
cation in establishment of such responsive grasses where timing of ger-
mination with favorable conditions is critical. 
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